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Battelle Memorial Institute is a major international,,independent research 
and develtopment institute; Founded more than half a century ago by Ohio 
industrialist Gordon Battelle,.its objective is to improve the quality oflife 
through the advancement and use of science.. 

Through sponsored programs, Battelle serves the researchiand development- 
needs of industries and governments worldwide. Each year the laboratories 
undertake thousands of studies extending from fundamental research for new 
knowledge to applied programs directed toward developing new materials, 
products and processes. 

Since opening its doors in Columbus, Ohio, in 1929 withia staffiof 30 
people, B&lfelle has gcown to an organization with 18,200 research and support' 
personnel and an annual research volume exceeding $610 million. 

Major research centersareoperated in Columbus, Ohio; Ricblhnd, Washington; 
Geneva, Switzerland; and Rrankfurt, Germany. Other specialized facilities, 
offices and representatives arelbcated [throughout the world. 

The Pacific Northwest Division includes the Battelle laboratories at Richland, 
the Seattle ResearchGenter, and the Marine Sciences Laboratory at Sequirn, 
Washington., 
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September 15, 1993 


Or. George: J. Patskan 
Phiilip Morris 
Research Center 
P'. 0. Box 26583 
Richmond, VA 23261 

Reference: Your Tetters to Dr. Bernie Greenspan dated October 20 and 
November 19, 1992 

SUBJECT: PROVIDE INHALATION TOXICITY STUDIES OF 

CLIENT'S PROPRIETARY PRODUCT 
BNW 1 No. 20643 _ 

Dear Dr. Patskan: 

Battel!e-Northwest is pleased to submit siix copies of the accompanying 
Technical/Cost Proposal in response to the above referenced letter. 

Battel!e-Northwest proposes to conduct the research: directed towardi the 
objectives: outlined in the accompanying: proposal oni a. cost-reimbursement, 
best-efforts basis within the available time and funds under the terms of any 
resulting contract. All of the terms and conditions, including the scope of 
the proposed research, will be subject to mutual agreement. 

It is anticipated that a small portion of the chemistry research and: 
development may be conducted in part, ini a U. S. Department of Energy 
facility. Therefore, certain terms and conditions of the Use Permit Contract 
between the U. S. Department of Energy and Battelle-Nbrthwest, indicated on 
the enclosed "Provisions for Contracts Utilizing Government-Owned Facilities 
and Equipment,, or Certain Unreported U. S. Department of Energy Information," 
must be incorporated in the resulting agreement. 

If you have any questions about our proposals please: direct those of a 
technical nature: to Dr. Earl W. Morgan on (509) 375i-63i:8. Contractual matters 
should be addressed to Mr. Kirk Heaton, Contract Associate, on (509) 376-1336. 

We look forwardl to being of service to Philliip Morris, and to hearing from you 
regarding our proposal. 


Cheryl L./Nickola 
Contracting Officer 

CLN:nj 

Enclosures 



ClBatreiie 

Racific Northwest! laboratories 
Batielle Boulevardi 
P.'O: Box 999. 

Richland, Washington 99352 
Telephone (509) 
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TECHNICAL PROPOSAL 

CARCINOGENICITY STUDY OF ROOM-AGED 
SIDESTREAM CIGARETTE SMOKE IN MICE 

PROJECT NO. 20643 


In Response to Letter Request 
from 

Philip Morris 
Research Center 
P.O. BOX 26583 
Richmond, VA 23261 

September 1993 

Trie information (data) contained In this Proposal or quotation 
constitutes a trade secret and/or Information that Is commercial or 
financial and confidential or privileged. It Is furnished to Philip 
Mortis In confidence with the understanding that It will’not, without 
permission of the offeror, be used or disclosed for other than 
evaluation purposes; provided, however, that In the event a 
contract Is awarded on'the basis of. this proposal or quotation, 
Philip Morris shall have the right to use and disclose this 
Information (data) 1 to the ardent provided• in the contract. This 
restriction does not limit Philip Morris right to use or disclose this 
Information (data) If obtained from another source• without 
restriction. 
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Hematoxylin and eosin 
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Hank's balancedi buffered salt 
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High-efficiency particulate air 
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* 

Horse power 

HP 

= 

Hewlett-Packard 
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HPLC 
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High-performance liquid chromatography 
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Individual Animal Necropsy Record! 

IARC 

* 

International Agency for Research on Cancer 
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Inductively coupled!plasma 

IND 
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Investigational New Drug 
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Kansas State University 
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Liquid chromatography 
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Mban corpuscular hemoglobin 
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Mouse hepatitis virus 
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Method performance evaluation 

MS 
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Mass spectrometry 
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Mass selective detector 

MVM 
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Minute virus of mice 

Na 2 C0 3 

S 

Sodium carbonate 

NCI 

as 

National Cancer institute 

NDA 

= 

New Drug Approval] 

NIH 

SB 

National Institutes of Health 

NNK 

* 

4-{MethylnitrosaminoH -(3-pyridylM -butanone 

NNNi 

= 

N'-Nitrosonornicotine 

NO 


Nitric oxidb 

N0 2 

*= 

Nitrogen dioxide 

NO* 


Nitrogen oxidbs 

NPYR 

= 

N^Nitorosopyrrolidine 

NTP 

Z3 

National Toxicology Program 

OECD 
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Organization for Economic Cooperation and Development 

ORR: 

as 

Operational)Readiness Review 

OSU 


Oregon State University 
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X' 

Polynuclear aromatic compound 

PAH 

X 

Polycyclic aromatic hydrocarbon 
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X. 

Pathology Associates, Inc. 
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X. 

Polychlorinated biphenyls 
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X. 

Proliferating cell nuclbar antigen 
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Principal Ihvestigator 
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PM 
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Particulate matter 

PNL 
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Pacific Northwest Laboratory 

PTFE 
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PolytetraflUoroethylene 

>, ’ 

PVM 

* 

Pneumonia virus of mice 

i* 

QA 

as. 

Quality Assurance 


QAU 


Quality Assurance Unit 

L 

RAM. 

X 

Real-time aerosol monitors 


RASS 

X. 

Room-aged sidestream'cigarette smoke 


RBC 

= : 

Red blood ceils 

4 * 

RH 

as ■ 

Relative humidity 


rpm 

= 

Revolutions per minute 


RSD 

* = 

Relative standard deviation 

L 

RT 

• X, 

Retention time 


SD 

X 

Standard deviation 

\ 

SMVCE 

X 

Sperm morphology and vaginal cytology evaluation! 

L 

SO t 

X 

Sulfur dioxide 


SOP 

* 

Standard operating procedure 


SRM 

* 

Standard reference materials 


TEA 

s 

Thermal energy analyzer 


TEOM, 

X 

Tapered element oscillating microbalamce 


THC 

X 

Total hydrocarbons 

L* 

Ti 

* 

Titanium 


TiOj 

X 

Titanium dioxide 


TLV 

X 

Threshold limit value 


TPM 

as : 

Total particulate matter 


UC 

X: 

University of California 


UL 

S 

Underwriters' Laboratory 


UV 


Ultraviolet 


VPRC 


Volume of packed red cells 

u 

WBC 

- 

White blood cells 

L* 

XRF 

- 

X-ray fluorescence 


1-NP 

as: 

1 -nitropyrene 

w 

2*NF 


2-nitrofluorene 
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l. MBQ QUZim 


Battelle, Pacific Northwest Laboratories (Battelle-Nbrthwast; BNW) Is pleased to submit this proposal 
in response to letter inquiries (October 20 and November 19, 1992) and subsequent technical discussions 
with Philip Morris (the Sponsor) regarding studies of the long-term Inhalation effects of room-aged side- 
stream cigarette smoke (PASS) on the mouse respiratory tract The RASS Is used as an experimental model 
for environmental tobacco smoke (ETS) at concentrations of 0, 1, 3, or 10 mg total particulates per cubic 
meter. These exposure concentrations were carefully chosen with respect to reaMIfe environments. In 
extreme conditions, the particulate concentration In a smoke-filled billiard parlor has been recorded at 
0.8 mg/m 3 (Guerin et all, 1992). The high exposure concentration in this study will exceed the extreme 
humaniexposure to ETS by a factor of -10. A diesel engine exhaust (DEE)-exposed group willlbe included 
as a positive control. 


Arrangement of the technical portion of this proposal was based on our understanding of the 
Sponsor's desire to divide the proposal into several parts, to Include: 

1„ A chronic, nose-only inhalation study of RASS or DEE as outlined in the sample protocol 
provided by the Sponsor, wttichi includes construction and testing of the exposure and 
monitoringi systems, and measurment of all parameters indicated In the sample protocol. 
Nonrneopiastlc and neoplastic lesions particularly in the respiratory tract will be of major 
interest. Animal I systemic effects (e.g., changes in body and iorgan weights,, signs of Intoxi¬ 
cation) will also be determined! Effects will be compared with those seen in the filtered-air- 
exposed negative and DEE-exposed positive control groups. Biomonitoring will be per¬ 
formed on RASS- and DEE-exposed mice. 

2. A13-week pilot study of three different strains of mice, to expose mice to room air in nose- 
only exposure apparatus on the same daily schedule required for the chronic study. The 
purpose of this study is to determine the relative ability of several strains of mice to adapt 
to the handling and confinement procedures required for a chronic, nose-only inhalation 
study. 

3. A subchronic, nose-only inhalation! study of RASS (two concentrations) and DEE (two< 
concentrations). This study will! utilize one strain of mice, selected by the Sponsor and 
BNW on the basis of the data from the pilot study (item 2 above)^ and other available: 
information. This study will allow BNW to work out any technical difficulties, establish! 
laboratory procedures, and assure the appropriate exposure concentrations selected for the 
carcinogenicity study. 


4. Additional or substitute studies designed to examine parameters required In thB Sponsors* 
sample protocol, and/or other studies designed todetect health effects related to inhalation 
of the RASS and DEE. ThesB studies will be performed during the subchronic, nose-only 
study (Item 3 above); selected studies will then be chosen by the Sponsor and BNW to be 
performed in association with the chronic study. 

The general conduct of the study wBI comply with the Organization for Economic Cooperation and 
Development (OECD) Guideline 451, the National Toxicology Program (NTP) Specifications for the Con¬ 
duct of Studies to Evaluate the Toxic and Carcinogenic Potential of Chemicals in Laboratory Animals 
and Good Laboratory Practices (GLP) regulations (40 CFR 792). 
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BNW currently has numerous contracts with NTP to conduct toxicity, carcinogenicity, anditoxico- 
kinetfc studies. During the test 15 years, more than 40 chemicals have been evaluated by the Inhalation 
route. In this project, BNW proposes to use a tBam of highly dedicated professional and technical staff 
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whose training and experience are weli suited for the proposed study. This team will be led by Or. Eari W. 
Morgan, Principal investigator; a board-certified toxicologist with more than 10 years of experience in the 
management of toxicity and carcinogenicity studies. 

In recognition of the importance of test article generation and monitoring, an Associate Principal 
investigator,, Dr. Jeffrey A. Dill, is also proposed to coordinate the assignments of the exposure system, 
exposure generation, and chemical analysis: and monitoring. Dr. Dill is an analytical chemist with 7 years 
of experience on MTP-type inhalation studies. 
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\l IEQHMCAL..D1.S.CUS.S1QN 


A. OBJECTIVES 


Based on correspondence and dlscusslons wIth the Sponsor, the following Is our perception of the 
objectives of the proposed! studies. 

1. Generation and MonltorinQ DevelQDmgnt Phase (Phase TV 

The objective of Phase 1 is to demonstrate that BNW is capable of developing the RASS 
and DEE generation and delivery systems, the animal exposure systems, the on-line aerosol and chemical 
monitoring and concentration control systems, and the chemical characterization systems for exposing mice 
to the test articles. During Phase 1), BNW will alto demonstrate that!the test articles wMibehave consistently 
at the desired concentrations under the specified conditions for 6 hours plusTgg (the time for the concentra¬ 
tion! to build to 90% of the target concentration) for* 3 consecutive days. Specific tasks to accomplished 
during the development phase are listed below: 

a; Pilot Study. During the early part of Phase It, a pilot study using three strains of 
mice (C57BI/6, B6C3F1, and CD-t) will be conducted to determine: 

• Whether mice can s adapt to the nose-only exposure apparatus for 6 hours/day, 5 days/ 
week for 13-weeks 


• The best< strain to use for the study 

• Modifications or improvements needed to the exposure systemor animal handling;proce¬ 
dure to maximize the chance of successfully conducting these studies. 

b. Subchronic and Chronic Studies . During prestart efforts for the subchronic and 
chronic studies,, BNW will: 

• Develop methods of generating and monitoring RASS aerosol at 1 and 10 mg/m 3 and DEE 
at 3 and IQ mg/m 3 

• Demonstrate the sensitivity, specificity, precision, linearity and limits of detection and quanti¬ 
fication of theon-line aerosol and chemical concentration monitoring systems to monitor 
ejqaosure?units and exposure room air 

• Demonstrate the sensitivity, specificity, precision; linearity, and limits of detection and 
quantification of the RASS and DEE chemical characterization systems 

• Determine time to attain 90% of target concentration (T^’ following start of exposure and! 
time to decay to 10% of the target concentration (T^-following end of exposure 

• Demonstrate homogeneity of concentration and particle size distribution In the nose-only 
exposure units 

• Develop and test facility exhaust monitoring methods under actual animal exposure condi¬ 
tions 

• Demonstrate the contafnment of the RASS and DEE test articles In the exposure units while 
simulating actual animal exposures. 
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During the development phase for the generation and! monitoring systems, all activities will be 
conducted in compliance with the U.S. Environmental Protection Agency (EPA) GLP Toxic Substances 
Control Act regulations 40 CFR 792. A Phase 1 Progress Report will be submitted to the Sponsor for 
evaluation before the start of the subchronic and chronic studies. These reports will not be delayed for 
detailed quality assurance (QA); auditing, however, they will present trackable data with evidence of quality 
control. These reports will be reviewed by BNW*$ QA Unit before submission ofi the final report 

2. Animal Study and Evaluation Phase (Phase 2\ 

Specific accomplishments to be achieved during Phase 2 williinclude conducting a13-week 
subchronic study and a carcinogenicity study. The subchronic study will be conducted to evaluate effects 
of inhalation exposure to RASS at 1 or 10 mg/m 3 total particulate matter (TPM) andlto DEE at 3 or 
10 mg/m 3 . During jthe subchronic study, some special studies proposed by BNW, as well as the parameters 
outlined in the Sponsor’s sample carcinogenicity protocol, will be measured. The carcinogenicity study will 
be conducted to determine the potential for the development of neoplastic lesions during or« after a lifelong 
exposure to RASS at 1, 3, or 10 mg/m 3 . Diesel engine exhaust will be used as a positive control. 

During Phase 2, BNW wiiit 

• Prepare study protocols for Sponsor approval! 

• Procure^ receive, quarantine, randomize, and identify study animals 

• Perform)animal health screening 

• Generate RASS and DEE at the specified concentrations during the study period with 
periodic calibrations of monitoring equipment 

• Determine exposure unit concentration homogeneity without animals 

• Determine buildup and decay times, T 90 and T 10> without animals 

• Determine all l chemical parameters according to the frequency schedules outlined in this 
proposal as modified by the Sponsor 

• Perform routine in-life evaluations of toxicologic parameters 

• Measure respiratory minute volume 

• Determine carboxyhemoglobin in bibod 

• Determine nicotine and nicotine metabolites in urine 

• Determine particle clearance in lungs 

• Determine limg particle burdens 

• Evaluate hematologic parameters 

• Measure organ weights 

• Perform other special studies approved by the Sponsor 
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•• Perform necropsies and histopathologic evaluations on test animals 

• Prepare and submlt study reports 

• Perform routine health: and safety procedures, training, and monitoring 

• Perform routine qiiallty assurance inspections of Phase 2 activities and reports 

• Perform routine project management functions 0.e„ correspondence, monthly reports, 
project scheduling, and cost monitoring) 

• Submit raw materials and data following the acceptance of the chronic study reports. 
Toxicologic parameters to be determined imthe subchronic study include: 

• Mortality rate 

• Body weight and body weight gain 

• Clinical signs of: toxicity 

• Carboxyhemoglobin (GOHb) in blood 

• Nicotine and Its metabolites in urine 

• Lung burden 

• Lung clearance 

• Respiratory minute volume 

• Hematologic evaluations 

• Special studies approved by the Sponsor 

• Gross lesions at necropsy 

• Selected! organ weights 

• Microscopic evaluations of specified tissues to characterize exposure-related! histopath¬ 
ologic changes of target organs, as well as the dose-response relationship and! no-effect 
dose leveli 

The carcinogenicity study will expose mice to three concentrations of RASS, to one concentration 
of DEE as a positive control and to filtered air as sham-exposed controls for 24 months- Parameters to be 
determined for the carcinogenicity study include: 

• Mortality rate 

• Body weight and body weight gain 

• Clinical signs of toxicity 
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• Hematologic evaluations 

• GOHb in blood I 

• Nicotine and its metabolites in urine 

• liung burden 

• Lung clearance 

• Respiratory minute volume 

• Gross lesions 

• Selected organ weights 

• Microscopic evaluations of specified tissues to determine and confirm exposure-related 
histopathologic changes of target organs as well as the dose-response relationship andlno- 
effect dose leveL 

The design and conduct of this study will allow the detection of chronic toxic and neoplastic effects 
and assessment of the carcinogenic potential of RASS compared with DEE. Through pathologic interpreta¬ 
tions and statistical I inference (fie., life-table methods), the following questions may be answered from this 
study:: 

• Does RASS exposure result 1 in a significant increase in mortality? Were any increases in 
mortality caused by tumor formation? 

• What is the time course of mortality? 

• Does RASS exposure produce unique tumors that are: rarely observed in control animals 
(type)? 

• Is the rate of formation of a given tumor in a specific organ of exposed animals different 
from the rate in control animals or animals exposed to DEE? 

• What is the multiplicity of. tumors , in certain tissues (sites)? 

• What: is the latency period leading to a particular neoplasm (time)? 

These data, together with the exposure concentrations and Ithe bidogically monitored effective dose, 
will! provide important information on the relative potency of RASS for producing tumors In mice. 

B. EXCEPTIONS AND AMPLIFICATIONS 

BNW costed this proposal in two phases. Phase: 1 includes costs associated with those activities 
itemized in Section II.A.1 above. Phase 2 encompasses the total anticipated costs associated with the 
carcinogenicity study. The recommended subchronic study and special studies are options and are costed 
as such. The specific activities of: Phase 2 are itemized in Section IIA2 above. 

11 Costing 

The cost estimates for this proposal are based on the following assumptions: 
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* Contract award by January 1994! and contract completion In December 2000 

* An adequate supply of'1R4F cigarettes is to be: provided by the Sponsor 

• BNW’s interpretation of the requirements for this study are based on information provided 
by the Sponsor (G.J. Patskan to B.J. Greenspan) dbted 10/20/92 and 11/19/92 and a 
subsequent meeting with the Sponsor (G.J. Patskan and W. Relngenhaus) on 12/17/92 

The base contract includes: Pilot Study; Phase 1 activities; and a Carcinogenicity Study 

•' During the pilot study; three different strains of mice will be placed in the nose-only expo¬ 
sure apparatus and exposed to air on the same daily schedule: required for. the carcino¬ 
genicity study for a period of 13 weeks. The purpose of this study is to determine the 
relative ability of strains of: mice to adept to the handling and confinement procedures 
requiredifor a chronic, nose-only inhalation study and to provide dbta for the selection of 
an appropriate strain for the chronic study. 

* During Phase 1, BNW will design; procure, construct; and test the exposure and monitoring 
systems for both RASS and DEE at the desirable concentration. Methods and procedures 
for. all! chemical: analyses will also be developed and established. 

• We williconduct a 24^month, nose-only, chronic inhalation carcinogenicity study on RASS 
at three exposure concentrations with a filtered-ain-exposed control, and a DEE-exposed 
positive control. All parameters outlined in the sample: protocol will be performed, with the 
exceptions and amplifications indicated below. 

• An optional!subchronic study, as well as some mechanistic studies, are proposed by BNW 
before the start :of the carcinogenicity study. Based on data from the pilot study (described 
above)i and!other available information, one strain of mouse will be utilized. The purpose' 
of this subchronic study Is to allow BNW to resolve any technical difficulties, establish 
laboratory procedures, and confirmithe appropriate exposure:concentrations and toxico¬ 
logic parameters for the chronic study. The costs of these studies are proposed separately 
from the base contract. 

2. Schedules 

At this time, BNW expects to have faclities avalabie to perform the pilot, study and the 
generation and monitoring development! aspect of Phase 1 immediately after the proposed contract award 
date of January 19941 AH Phase 1 activities will be completed by May 1995, followedlby a 3-month.approval: 
period for Sponsor. Phase 2 work will proceed as outlined In the MHestone SchedUles, which are based! 
on our experience with work for NTP and other industrial sponsors. The proposed contract completion date 
is December 2000. 

3. PHot Study to Select Mouse Strain 

The C57BI/6 mouse is the preferred strain of mice for this study because It' is the: only strain 
that has been, studied and reported to develop lung tumors from exposure to. both mainstream .cigarette 
smoke and diesel engine exhaust. However, some inbred mouse strains like the C57BI/6 are hyperactive, 
difficult to handle, and may not be able to tolerate the restraint tubes used for the nose-only, study. There^ 
fore, BNW proposes to perform a pilot study immediately aftercontract award to determine if C57BI/6 mice 
can be used for this study. Two other strains, B6G3F1 and CD-I, will be included for. comparison. The 
B6C3F1 was chosen because of the large data base available on this strain. The CD-I Is a more docile 
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strainand may adapt better to the conditions of the study. Every, effort -will be made to train and acclimate 
the mice to daily handlingiand 6 hours of restraint in the exposure apparatus. 

4. Pro posed Subchronic Study 

There are many uncertainties In designing and fabricating, generation and monitoring 
systems for an inhalation study. At BNW, we have always performed some pHot and/or prechronic studies 
before conducting a chronic study. A prechronic study allows us to evaluate the exposure system, solve 
technical difficulties, establish laboratory procedures, and validate the appropriate exposure concentrations 
selected for the chronic study: Therefore,. BNW proposes a subchronic study before the carcinogenicity 
study, the cost of this study is included as an optional study. 

5. Diesel Engine Exhaust at 10 mg/m 3 TPM ! 

In the past, inhalation studies conducted to determine the carcinogenic potential of DEE in 
mice were performed! at a range between 2 and 4 mg/m 3 TPM. Heinrich et aL (1986) reported mice 
exposed to unaltered DEE at 4' mg/m 3 had lower body weight compared to mice exposed to filtered DEE 
or controllmice. Even though there is justification for a study design using positive-control DEE at the same 
TPM levellas that in the high RA5S group; BNW is concerned that 10mg/m? TPM of DEE may exceed the 
maximum tolerated I concentration for mice. Therefore, BNW recommends using two DEE exposure levels 
of 3 and 10 mg/m 3 in the subchronic study. After- completing the subchronic study, one of these exposure 
levels will be chosen for the chronic study. 

The TPM output of modem diBsei engines is considerably less than that fromi older models. 
However, the output of nitrogen oxides has not been significantly reduced. To achieve a DEE TPM concen¬ 
tration of 10 mg/m? may require dilution of the engine exhaust by only a factor of two. This could result- 
in a nitric oxide concentration in the exposure of as high as -44 ppm, a value that may not be tolerated by 
mice on a chronic study and must be considered when choosing an appropriateDEE exposure concentra¬ 
tion: 


6. NUmber of Animals for Carcinogenicity StudV 
The OECD Guideline 451 states: 


"In order for a> negative test to be acceptable,, it should meet the following criteria: 


• No more than 10% of any group is lost due to autolysis, cannibalism, or manage¬ 
ment problems 

• Survival of alt groups is no less than 50% at 18 months for mice;* 

It is our opinion that some mice wQlidie in the early part of the nose*>nly study due to Inability to 
adapt to the exposure apparatus. BNW recommends using 60 mice/sex/group rather-than 50 mice/sex/ 
group for the study. The additional 10 mice/sex/group are intended to minimize the impact of early deaths 
on the validity ofthe study. 

7. Duration of the^CarciriogenicItv Study 
The OECD Guideline 451 states: 

*lt is necessary that the duration of a carcinogenicity test comprises the majority of the 
normal life span of the animals to be used .... Generally, the termination of the study 
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should be at 18 months for mice. However for certain strains of mice with greater longevity 

and/or low spontaneous tumor rate, termination should be at 24 months-* 

In this proposal, BNW recommends that the inhalation period be performed for 24 months, although 
the study will be terminated earlier, if 75% mortality is reached in the low RASS or. filter-air-exposed groups. 
The costs for this proposal are based on a 24-month study. 

8. Clinical; Observatio ns 

The protocol outline provided by the Sponsor requests *ttoe general nonsystematic observa^ 
tioniof all mice at least twice a day, and a careful observation according to checklist once a day on 
four mice/sex/groupj" BNW recommends that all mice be observed at least twice daily (in the eariymoming 
andllate afternoon; at least 6 hours apart, 7 days/week) for mortality and moribundity. Each core study 
mouse will be formally examined for clinical signs of toxicity and tumor development at 41-week intervals. 
These observations will be recorded on.a Xybion Path/Tox computer system (Xybion Medical Systems, 
Cedar Knolls, NJ)i Signs of toxicity and/or palpable tumors first detected at times other than the formal 4- 
week observations will be noted and recorded on a special form designediby BNW.. This information!will 
then be entered Into the computer system at the time of the next forma! examination. 

9. Food Consumption 

Previous experience in our laboratory indicates that food consumption data generated from 
inhalation studies are usually not worth the effort required to obtain .the data. Powdered feed, as opposed 
to pelleted feed] would be required for food consumption data. Mblocdusion may occur and require 
continual dipping of the teeth. During the dipping procedure, teeth may be crushed or other physical!injury 
may occur. Mice may urinate and defecate in the food far, resulting in unsanitary conditions that promote 
infection: These incidents could , result in unacceptable loss of animals and may compromise the interpreta¬ 
tion of the study. Additionally, the individual cage unit is used to hold the restraint tube (with the animal I 
inside) before loading on.the exposure system. Placing individual!food Jars in each cage to measure food 
consumption complicates this procedure. Therefore, BNW recommends deieting the food-consumption 
measurements. We will make visual observations and compare food consumption of filtered-air-exposed 
controls and exposed igroups. The cost of this proposal does not Include food-consumption measurements. 
Should the Sponsor require measurements of food consumption, we will include this cost in our "Best and 
Final* negotiations. 

10. Ophthalmoscopic Examinations 

Eye defects were observed in about 12% of C57BI/6 mice at Jackson Laboratories (Green, 
1968): Lesions reported include micro-ophthalmia, missing eyes, and!varying degrees of ophthalmia in one 
or both eyes. This situation progressively worsens with age and kis not unusual for more than 50% of 
C57BI/6 mice to be blind at the time of terminal necropsy of a chronic study. BNW recommends deleting 
the ophthalmoscopic examination; therefore, the cost of this proposal doesnot Includfe the ophthalmoscopic 
examination outlined by the Sponsor. 

11. Differential White Cell Count 

The protocol outline requests light microscopic evaluation of fixed and! stained blood 
smears to differentiate and count leukocyte types at; 12 and 16 months, as well as prior, to terminal 
necropsy.* The risk of losing mice with repeated btbod collection under diethyl ether narcosis (see Sec- 
tionllIB.12) may ultimately, invalidate a study. Furthermore, a differentiated I white cell count alone does not; 
provide alt the information neededito interpret the results. Therefore, BNW recommends that a complete 
blood count (CBC) be performed! at the time of terminal sacrifice om15 mice/sex/dose group and! that* 
leukocyte differential smears: be made at this time (or at moribund! sacrifice) cm all mice from all dose 
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groups. Ifj statistically significant treatment-related changes are observed in the CBC, then leukocyte 
differential counts would be done on the remaining 45 mlce/sex/dose group. A CBC includes determination 
of erythrocyte count, volume of packed 1 red ceils, hemoglobin concentration, red cell indices, leukocyte 
count, leukocyte differential, and platelet count. These analyses are determined using an automated 
muitiparameter hematology instrument We have costed this proposal according to this recommendation. 

12. Anesthesia for Terminal Blood; Collection and Euthanasia i 

The protocol outline provided by the Sponsor specifies that terminal blood samples be 
obtained while the animals are under ether anesthesia. BMW proposes that terminal blood samples be 
obtained from the supraorbital sinus under 70% carbon dioxide (C0 2 ) anesthesia. For the past several 
years, our datai base for hematologic parameters has been obtained using this method, which is specified 
In protocols for studies for NTP and other sponsors. The method we routinely use for rodent euthanasia 
Is exsanguinatlon following C0 2 anestfi6sia.. If the Sponsor objects to the use of C0 2 , BMW proposes using 
methoxyflurane as the anesthetic. 


13. Disposition of Moribund Animate and Animals Unsuitable for Continued Exposure 

Animats with large masses or other conditions Interfering with their ability to eat, drink, 
urinate or defecate;; major Injuries or ulcers related to husbandry or treatment; debilitating conditions or other 
conditions indicating pain or suffering, as judged by a laboratory animal veterinarian, toxicologist, or an 
experienced) laboratory animat specialist, will be Immediately, sacrificed as moribund to avoid further pain 
or distress. The strain of mice chosen for the study may have a relatively higher incidence of spontaneous 
mammary tumors that, in.older animals, caniattain a size that interferes with placement of the mice In the 
animal holding tubes of the nose-only exposure units. Because of the unique requirements; of nose-only 
exposure, premature loss of animals to the study because of>large mammary tumor masses,.which would 
otherwise not be life-threatening must be anticipated. Therefore, BNW proposes to establish criteria with 
the Sponsor for determining when mammary tumor masses are too big to allbw placing mice In the holding 
tubes. When and if this situation arises, we will continue to hold the-mice in the study and sacrifice them 
at the time of terminal necropsy. 

14. Histopatholoov 


a. Morphometry of. Larvnoeal Epfthella . As described Inithe protocol provided!by the 
Sponsor, we will perform morphometric measurements at several sites on the mucosal epithelium of larynges 
of alllmlce, usingithe hematoxylin and oosin (H&E) slides prepared for histopathologic examination. Our 
proposed method If or performing these measurements is presented in Section HI of this proposal. The cost 
for this procedure is included in the estimated cost of histopathology Inithe basic study. 


b; HistplQqy_of Lunas , We will trim and prepare sections from the lungs as described 
in the method of Lamb and Reid (1969) for trimming rat lungs. Hiowever, since the proposed study utilizes 
mice, , which have much smaller lungs than rats, It will) be more difficult to consistently obtain single sections 
containing the Junctions of all major branches with the mainstem. bronchus of the iBft lung. We anticipate 
some variation in the number ofimice per group In which.sections of left lung containing all major branches 
of the mainstem bronchus are available. 

c. Evaliiation of Goblet Cell Populations In Respiratory Tract . Our proposed method 
for counting goblet cells in selected areas of the nose, trachea,.and lungs Is described In Section HI of this 
proposal. We propose, as an alternate method Ito counting numbers of goblet cells per high power field as 
described In the method of Lamb and Reid (1969), tb'utilize the unit length method of Monticellb et ai. 
(1990), which: expresses number erf ceils present per millimeter of basement membrane. This method 
provides a more;accurate measurement of area evaluated. 
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15. CarboxvhemoQlobin fGOHb^ 


The protocol outline requests that a COHb assay be conducted on three mice/sex/group 
using diethyl ether narcosis at 6-month Intervals. BNW piloses to Include 12 mice/group In the chronic 
study forthls assay. Five mice/group will be Wed at 6,12* and 18 months under 70% C0 2 anesthesia. Five 
mice/sex/group from the core study animals will be used at 24 months: The mice will be allowed to recover 
at 6 and 12 months. Some mice may die from the procedure* Where may die from natural causes by 
18 months; however; it Is anticipated that 12 mice will be sufficient to allow a sample group size of five mice/ 
group at each timepoint: Five mice/sex/group will provide more statistical’power. 

16. Proposed Cell Proliferation Assays of Respiratory. Tract* Tissues in the Subchronic Study 

In addition to standard histopathologic examination of respiratory tract tissues using >H8iE 
sections, the protocol provided by the Sponsor! callsToriraxphometric examination of laryngeal eplthelia 
at several sites* as well as examination of Alcian Blue/PAS-stained sections of respiratory tract to evaluate 
goblet cell populations. We propose to perform additional assays on respiratory tract tissues to evaluate 
epithelial!celllreplication rates in nose, larynx* and lung tissues of exposed and)control mice using a tech¬ 
nique already being utilized in our laboratory. Nuclei of replicating cells will be labeled Immunohistochemlc- 
ally using a commercially available monoclonal antibody (PC 10) to proliferating cell nuclear antigen (PCNA), 
an endogenous nuclear protein. Use of this assay will allow us to compare celt turnover rates In mucosal 
epitheUunvof respiratory tract of exposed andlcontrol mice. A detailed description of the proposed method 
is provided in Section Ilf of this proposal. The cost estimate for this optional assay is provided. 

17. Proposed! Protein/DNA Adducts Study in the Subchronic Study 

Room-aged sidestream r cigarette smoke contains many of the same compounds that are 
present In mainstream smoke, including polycyclic aromatic hydrocarbons (PAHs), tobacco-specific nitro- 
samines, 4-aminobiphenyi and other constituents (Dube and Green, 1982). The contributions of these 
compounds to tumor development and other health problems need to be evaluated: One method that has 
received considerable attention is analysis of tissues and/or body fluids for the; presence of adducts to 
proteins and DMA: We propose to assay selected tissues from mice In the subchronic study for the pres¬ 
ence of protein and DMA adducts, A detailed description of the proposed method is provided in Section 111 
of this proposal. The cost estimate for this optional assay is provided! 

18. Proposed Enzvme Activity/ Assays In the Stihchronfc Study 


Metabolism is an important determinant of the activity of foreign compounds that enter the 
body (Sipes and Gandolft* 1991), Bioactivation or deactivation^ distribution; duration of activity* and excre¬ 
tion of a xenobiotic may all be dependent on its metabolism. Some enzymes are i substrate- or functional 
group-specific while others exhibit broad and overlapping substrate specificities. Metabolism is generally 
divided into two broad categories. Phase I metabolism involves oxidation, reduction* and hydrolysis; a prime 
function of these reactions Is to expose functional groups (e g;, -OH, -SH* -NHg, -COOH). Phase II[reactions 
are biosynthetic reactions in which a foreign compound or a Phase I metabolite is covalently linked to an 
endogenous substrate resulting in a conjugate. Phase 1 metabolites* with their resulting functional groups, 
are generally electrophilic and will readily react with nucleophile compounds In the body. These may be 
the Phase II substrates, in which case the conjugates formed I are generally inactivated and excreted from 
the body, or they may covalently bind with important* macromolecules In the body such as DNA and 
potentially lead to altered [function and/or carcinogenesis (Guenger!ch„1988). 

We propose to look at two of the key enzymes of metabolism; the cytochrome P^450 mono- 
oxygenase system* a Phase I enzyme* and glutathione^S-transferase (GST), a Phase II enzyme: A detailed 
description of the proposed method is provided in Section 111 of this proposal; The cost estimate for this 
optional assay is provided. 
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19. Proposed Studies to Evaluate the in Vivo Genotoxic Effects of RASS-and Diesel Exhaust 
on Mtirfne Lung Cells in the Subchronic Study 

The rolfe of chromosomal aberrations in carcinogenesis has been the subject of extensive 
research (Frenkel et ah, 1991 )i Studies on sdhob types of human cancers suchas retinoblastoma! (Hansen 
and Cavene, 1987; Knud son. 1985; Murphree and Benedict, 1984) and colorectal carcinoma (Vogdstein et 
a!., 1988) have provided convincing evidence that chromosomai aberrations and point mutations are Involved 
in carcinogenesis. Chromosomal aberrations produced by exposure to physical lor chemical agents in vivo 
can be detected using the micronucleus test- (Heddle i; 1973; Heddie and Carrano;,1977). Recently we have 
demonstrated that micronuclei can be measured in mammalian! lung cells and can be used effectively as 
indicators of chromosomai aberrations.induced in vivo (Heddie et al., 1990; Khan and Heddie, 1991,1992), 
A dose-dependent increase in the number of micronudel induced in the lung cells by chemicals and x-rays 
was ctearfy evident in these experiments. Lungs are often subject to highly localized chemical concentra¬ 
tions during inhalation exposure. Lung tissue assays can be particularly advantageous in assessing damage 
to the genetic material induced in vivo by suspect Inhaled substances. BNW has the facility and technical 
capability to perform the newly developed in vivo mammalian lungicell micronudeus test We propose to 
perform this assay to determine KRASS or diesel! exhaust cause chromosomal damage in the lung [cells of 
mice during the subchronic study; 

A detailed description of the proposed method is provided in Section II11 of this proposal. This 
proposed study is presented as adoption and is costed as such. 

20. Proposed Big-Blue 7 ** Mouse Mutation Assay in the Subchronic StudV 

The relationship between the mutagenicity and: carcinogenicity of chemical^ has been 
studied extensively. Most of the mutagenicity data on chemicals are derived from \in vitro microbial and 
cultured!mammalian ceil assays. Although there is some evidence of a general correlation of mutagenicity 
with carcinogenicity, these in vitro tests are not highly accurate predictors of carcinogenicity in. life-span 
rodent studies with many chemicals. Recently developed transgenic mouse strains provide a way to 
evaluate mutagenicity in specific tissues in exposed animals with a- short-term assay (Kohler et aL, 1990): 
The use ofi animals for mutagenicity assays is more realistic than in vitro tests because the functions of 
distribution and tissue-specific metabolism are operative; Further, cell lines used In the in vitro assays may 
have altered DNA repair mechanisms-andi metabolic pathways in comparison to cells in intact tissues in 
vivo. 


Stratagene, Inc. (La Jolla, CA) has developed strains of mice containing the lambda bacteriophage 
shuttle vector (Big Blue mouse). We propose to use a Stratagene Big Blue mouse system to analyze the 
mutagenicity erf DEE and RASS by inhalation exposure. A detailed description of the proposed method Is 
provided in Section lll of this proposal. The cost estlmaterfor this optional assay is provided. 

21. Luno' Clearance and Luna i Burden 


The protocol outline requests that particle clearance from the lungs be measured at 15 and 
18 months using a flow cytometric method to be determined. As an aStemath/e to the use of flow cytometry, rvJ* 

BNW proposes to chemically assess particle clearance by exposing mice to titanium dioxide (Ti0 2 ) particles. ° 

To characterize the lung clearance curve more fully, BNW further proposes to utilize four groups of four L>0 

mice/sex at 0, 3, 30, and 90 days (time points are tentative); following the exposure to Ti0 2 at 15 months. os 

The optimum time points for sampling .will be determined during the subchronic study. A detailed descrip- ^ 

tlon ofi the proposed method is provided Ih Section III ©f thte proposal, -sj 

LkI 

BNW does not have a workable method for determining [lung burden for RASS at this time. Methods 
to dbterminB lungi burden will be developed in conjunction with the Sponsor and wBI be incorporated into 
the study design. The cost- of: performing the lung; burden is not included in this proposal. 
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III. TECHNICAL APPROACH AND METHODS 


A. STATEMENT OF WORK 

The basic design for the proposed studies will comply; In general; with the study guidelines provided' 
by the Sponsori The studies will be performed in basic compliance with OECD guideline 461 and the NlflP 
recommendations for carcinogenicity studies. They willi also be performed in accordance with the Guiding 
Principles in the Use of APimais in Toxicology adopted'by the American Society of:Toxicology and will 
conform to GLP regulations (40CFR792)i 

B. STUDY DESIGN 1 

The dtoft protocols for the proposed studies are presented In Appendix A. 

1. Exposure Group Assignments 

a. Pilot Study . The number of mice required for the 13-week pilot study is as follbws: 


Number of: Mice _ Sexes _ Strains _ Total 

Pilot Study 15 x 2 x 3 = 90 

The following is the experimental dbsign for the pilot study: 

(1) iri-Life and Terminal Evaluations 


Number of Daily Terminal Gross 

Mice/Strain _ Observations* _ Clinical Signs* Body Weights** _ Necropsy 0 _ 

15M/15F 15M/1SF 15M/15F 15M/15F As needed' 

*Alllsurvjvors!to that study day (twice daily fcr moribundfty* mortality, and dinicalisigns) 
b AIIi survivors to scheduled weighing i day 

c Necropsy wOl be conducted on laid mice found dead and on surviving mice showing signs of i severe stress 
b. Subchronic: Study , The number of mice required for this study Is as follows: 


Number of Mice Number of. Total 

- Exposure - 

Exposure Group Males Females Concentrations Males Females 


Core Study-Treated! 

15 

15 

X 

4 

- 

60 

60 

PsJ 

Core Study-Control 

15 

15 

X 

1 

— 

15 

15 

Lung Clearance-Treated 

16 

0 

X 

4 

= 

72 

0 

w 

rsj. 

Lung Clearance-Control 

16 

0 

X 

1 

- 

18 

0 

Os) 

Big BIub™ and MicronucJei-Treated 

10 

10 

X 

4: 

— 

40 

40 

On 

CO 

IT) 

Big Blue™ and Mfcronuclbi-Control 

10 

10 

X 

1 

= 

10 

10 

DNA Adducts—Treated 

5 

5 

X 

4 

= 

20 

20 

-%/' 

DNA Adtiucts-Gontrol 

5 

5 

X 

1 


5 

5 

W 

oo 

Enzyme Assay-Treated 

6 

6 

X 

4 


24 

24 

Enzyme Assay-Control! 

6 

6 

X 

1 

* 

6 

6 


Sentinels 

5 

5 

X 

1 

Total = 

_& 

275 

_ 5 

185 





111-1 


■Use or disclosure of proposal data 
is stfcject to the restriction on 
the Title page of this Proposal.* 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 




BATTELLE-NOBTHWEST 


The following is the experimental design for the subchronic study: 


Test Group 

Target Exposure 
Concentration 
(mg/m 3 ) 

Total Number 
of Mice 

Number of Core 
Study Mice*' 

Number of Special 
Study. Mice 15 

Control 

0 

54M/36F 

15M/15F 

39M/21F 

RASS 

1 

54M/36F 

15M/15F 

39M/21F 

RASS 

10 

54M/36F 

15M/15F 

39M/21F 

DEE 

3 

54M/36F 

15M/15F 

39M/21F 

DEE 

10 

54M/36F 

16M/15F 

39M/21F 

Sentinels 

None 

5M/5F 

— 

— 


including five males and five females for recovery 

b See Section HLB;t.b.(4):for allocation of these mice (p. IH-3) 


(2) In-Life Evaluations 


Text Group 

Target Exposure 
Concentration 
(mg/m 3 ) 

Total Number 
erf Mice 

Dafly 

Observations* 

Clinical 

Signs 6 

Body 

Weights 6 

Control 

0 

54M/36F 

54M/36F 

15M/1SF 

15M/1SF 

RASS 

1 

54M/36F 

54M/36F 

15M/1SF 

15M/1SF 

RASS 

10 

54M/36F 

54M/36F 

15M/15F 

1SM/15F 

DEE 

3 

54M/36F 

54M/36F 

15M/15F 

1SM/16F 

DEE 

ID 

54M/36F 

54M/36F 

15M/15F 

15M/15F 

Sentinels 

None 

5M/5F 

5M/5F 

— 

— 


*A)I survivors to that study day (twice daily for moribundity and mortality) 
b All core study survivors to that weekly weighing day 


Ofh rr*pM»t> 


ii h2 


nice cp disclosure of prapoul date 
Is subject to the restriction on 
the Title page of this Proposal." 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


^££989£Zqz 






BATTELLE-NORliHWEST 


(3) Terminal Evaluations 


Test Group 

Target Exposure 
Concentration 
(mg/m 3 ) 

Total Number 
of Mice 

Hbmatotogy*’*’ 

Gross Necropsy, 
Organ Weights* 

Complete 

Histotogy, 

Histopatholog 

Control 

0 

15M/1SF 

15M/15F 

15M/15F 

15M/15F 

RASS 

1 

15M/1SF 

1SM/15F 

15M/15F 

15M/15F 

RASS: 

10 

15M/1SF 

ISM/15F 

15M/16F 

15M/15F 

DEE 

3 

15M/15F 

15M/15F 

15M/15F 

15M/15F 

DEE 

10 

15M/15F 

15M/15F 

15M/15F 

1SM/15F 


■Ten/sex/group at the time of terminal necropsy. The remaining five mice/sex/group will be evaluated after 
a recovery periodlonly If abnorm^ities are observed in theten mice/sex/group at terminal sacrifice. 
b Blood from five mice/sex/group will be analyzed for COttib. 

c Airmice that die before terminal necropsy and all surviving mice in the highest exposure group with at least 
60% survivors (and a!l< survivors from higher exposure \ concentrations) at the time of terminal necropsy. 
If any lesion is encountered, which may be exposure-related, that organ wUlibe examined in the next lower 
exposure group until an exposure group can be foundiwithout the exposure-related change: Target organs 
willionly be examined in the recovery mice. 


(4) Sreffiftf Stupes 


Test Group 

Target Exposure 
Concentration 
(mg/m 3 ) 

Lung [Clearance 

Micronudeiand 

Big Blue 114 
Mouse Assay 

DNA 

Adducts 

Enzyme 

Assays 

Control 

0 

18M 

10M/10F 

5M/5F 

6M/6F 

RASS 

1 

18M 

10M/10F 

5M/5F 

6M/6F 

RASS 

10 

18M 

1DM/10F 

5M/5F 

6M/6F 

DEE 

3 

IBM 

10M/10F 

5M/5F 

6M/6F 

DEE 

10 

18M 

1 DM/1 OF 

5M/5F 

6M/6F 


c. Carcihogenicitv.Study: The number of mice requiredlfor the carcinogenicity study 

is as follows: 


Number of Exposure 


Exposure Group 

Mice 


Sex 


Concentrations 


Total 

Core Study-Treated 

60 

X 

2 

X 

4 

s 

480 

Core Study-Control 

60 

X 

2 

X 

1 

= 

120 

Lung Clearance and Lung Burden-Treated' 

IB 

X 

2 

X 

4 

= 

144 

Lung Clearance and Lung Burden-Control 

18 

X 

2 

X 

1 


36 

COHb—Treated 

12 

X 

2 

X 

4 

= 

96 

COHb-Control: 

12 

X 

2 

X 

1 


24! 

Sentinel 

15 

X 

2 

X 

1 

= 

Total 

—2Q 
930 


IV 
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The following Is the experimental design presented In tabular form for the carcinogenicity study. 



(i) 

Basic Desian 




Test Group' 

Target Exposure 
Concentration 
(mg/m 3 ) 

Total Number 
of Mice 

Core Study 

Lung 

Clearance* 

COHb b ' 

Control 

0 

90M/90F 

S0M/60F 

1BM/18F 

12M/12F 

RASS 

11 

90M/90F 

60M/60F 

18M/18F 

12M/12F 

RASS 

3 

90M/90F 

60M/60F 

18M/18F 

12M/12F 

RASS 

10 

9GM/90F 

60M/6DF 

18M/18F 

12M/12F 

DEE 

_C; 

90M/90F 

60M/60F 

18M/18F 

12M/12F 

Sentinels' 1 

Ntone 

15M/15F 





*Four mice/sex/group will be sacrifice at 0; 3, 30, and 90 days after titanium dioxide exposure. Two 
additional mice/sex/group are included to be used if needed. 

b Five mice/sex/group at 6, 12, and 18 months for COHb determinations. Mice wilt be retained I on study 
after the 6- and 12-month blood collections and i removed from exposure after the 18-month collection: At 
24 months, five mice/sex/group will be used for COHb determination. n 

°To be determined from results of subchronic study 

d Sentinel mice wiil be housed in the animal holding room andwDI not be exopsed 



(2) 

In-liife Evaluations 




Tiest Group 

Target Exposure 
Concentration 
(mg/m?) 

Totali Number 
of Mice 

Daily 

Observations* 

Body 

Weight 6 

Clinical 

Signs 9 

Control 

0 

90M/90F 

90M/90F 

60M/60F 

60M/60F 

RASS 

1 

90M/90F 

90M/80F 

60M/B0F 

60M/60F 

RASS 

3 

90M/90F 

90M/90F 

60M/60F 

60M/60F 

RASS 

10 

90M/9DF 

90M/90F 

60M/60F 

60M/60F 

DEE 

d 

90M/90F 

90M/90F 

60M/60F 

60M/60F 

Sentinels* 

None 

15M/15F 

15M/15F 

— 

— 


a AJI survivors to that study day (twice daily for moribundity and mortality, at lBasti6 hours apart, before 10:00' 
am and after 2:00 pm) 

b AII core study survivors to that study day (weekly for the first 18 weeks, 4-week Intervals thereafter, every 
2 weeks during the last 13 weeks, if needbd) r\j 

c Ali core study survivors every 4 weeks ^ 

*To be determined I from results of subchronic study 

*Five;malb andifive female sentinel-mice will be bled for viral serolbgy profiles then necropsled at 6, 12i and OS 
IBmonths. £0 

un 

UJ 

OS 
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(?) 1 Terminal Evaluations 


Test Group 

Target Exposure 
Concentrations 
(mg/m 3 ) 

Total Number 
of Mice 

Gross Necropsy 
and Histology 

Histopathology* 

Hematology 
(Complete 
Blood ICount) b 

Control 

0 

60M/60F 

6GM/60F 

60M/60F 

15M/15F 

RASS 

1 

60M/60F 

60M/60F 

60M/60F 

15M/15F 

RASS. 

3 

60M/6OF 

60M/60F 

60M/60F 

16M/15F 

RASS 

10 

60M/6OF 

60M/60F 

60M/60F 

15M/15F 

DEE 

ie “ 

60M/60F 

60M/60F 

60M/60F 

15M/15F 


‘Complete histopathology on control, 10 mg/m 3 RA5S, DEE, and!early death mice. Respiratory tract and; 
gross tumors on 1 and 3 mg/m 3 , and target tissues to no-effect leveli 

^White bloodcount differential smear will!be madfe on a)) moribund sacrificedland terminal necropsy mice, 
but will not be evaluated unless significant abnormalities are found on the hematology samples 
°To be determined!from results ofisubchronic study 


d. Exposure Schedule . Exposure concentrations for the proposed subchronic study 
are 0, li, and 10 mg/m 3 RASS and 3 and ID mg/m 3 DEE. Exposure concentrations for the carcinogenicity 
study are 0, 1. fl 3, and 10mg/m 3 RASS. The concentration for DEE for the carcinogenicity study will be 
chosen after the completion erf the subchronic study. 

For the chronic study, 6- to 7-week-old mice will be exposed to RASS, DEE, or to filtered air for 6 
hours + Tqq per day for up to 104 weeks. Animals will be exposed 5 dhys/week, excluding weekends and 
holidays. An exposure day missed due to equipment failure will not be; made up during the study, 

2. Quarantine. Housing, and Sentinel Animate 

a. Quarantine Procedures . Mice wifilbe picked up on arrival at the Pasco airport and 
transported directly to the Life Sciences Laboratory (LSLJ-II in a BMW.air-conditioned animaJ[transport truck. 
Animal shipping cartons wfll be examined upon arrival for evidence erf conditions likely to permit exposure 
to pathogens (soiled! wet, or otherwise damaged)i If acceptable, the exterior of the cartons, except filters, 
will be wiped down with a chlorine dioxide solution (ABQ sterilant/dislnfectant, or equivalent); The cartons 
will then be moved to the door of a designated quarantine room for removal of the mice In a prescribed 
manner to avoid direct or indirect contact of the mice with the exterior of the cartons. While being removed 
from the cartons, the mice will be examined for evidence of shipping stress. Acceptability at this point will 
depend on the condition of the animals, and the length of time the animals were In transit and [environmental 
conditions to which they were exposedi en route. After the cartons are removed, appropriate 1 sanitation 
procedures will ensure cleanup of the area. 

Within 48 hours of arrival 1 ten mice (five males and five females) from the chronic study shipment 
will be randomly selected for preexposure health screening. Screening procedures will include necropsy, 
microscopic examination of selected tissues, nasopharyngeal culture, and serologic testing for antibodies: 
Serologic testing will be for antibodies to Sendai virus, pneumonia virus of mice (PVM), mouse hepatitis virus 
(MHV), minute virus erfi mice (MVM), TheHer's murine encephalomyelitis virus (GDVII) and Mycoplasma 
pulmonis . Additional;examination and testing will be done If health status Information from the supplier Is 
insufficient A second health screen involving ten mice (five males and five females), randomly selected from 
the group remaining after mice are selected forthe study, will be initiated 3 weeks after the arrival date. The 
3-week period allows antibodies to develop if exposure to a pathogen occurred In transit Procedures will 
be the same as those for the first health screen, except that the nasopharyngeal cultures will be omitted. 
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For the Phase 1 studies, mice.from each shipment wfll undergo health'screening 3 weeks after 
arrival only* unless their health status has not been well dbfihedlby the supplier. If this Is the case, then 
appropriate examination and testing will be done to screen for pathogens on arrivaL 

For the subchronic study, core study mice and Big Blue mice win be housed in the same roomifrom 
the time of arrival. Health screening will be done only at 3 weeks after arrival. Procedures will be the same 
as those performed at 3 weeks for the chronic study. 

The laboratory animal veterinarian will make a visual inspection of the animals to be used just prior 
to their release for the study. The Sponsor will be notified promptly if. any significant- infection or other 
disease condition is recognized. 

b. Housing ^ Initially, mice will be housed approximately ten/cage in 160-in 2 wire- 
bottom cages. Approximately 5 days after arrival, the mice will be moved into individual wire-bottom cages 
with* ~ 25 in 2 of floor space;, where they will be housed forthe duration of the study. Drinking waterwiH.be 
provided continuousiy.by automatic watering valves, except during thenose-onlyexposure period. The mice 
will be housed in a room adjacent to the exposure room. Room temperature will be maintained at 75 ± 3°F. 
Ail animal racks will be supplied daily with ctban.stainiessrsteel excreta pans containing absorbent paper. 
The absorbent paper will be sterilized priori to use and: will not be treated with neomycin or. other bacterio¬ 
static agents. 


c. Feed . Pelleted MIN-07 open formulk rodent diet will be provided. We use this feed 
in preference to commercial certified diets for most studies because of its; wide use in government- 
sponsored toxicology studies (MTP) and because the NTP contaminant monitoring standards exceed those 
of "certified" feeds. 

dJ Sentinel Animals. Thirty sentinel mice will be Included; In the chronic study to 
monltor< for the occurrence of infectious disease: Sentinels will be* sacrificed at 6,12, and IB months (live 
males and five females at each interval). Sera wBI be collected!from five male and five female core study 
mice at terminal sacrifice. Serai collected at the first three intervals wQH be tested at BNW for antibodies to 
Sendkl virus, PVM, GDVII„MVM, MHV, and A1 pvfmonts. Those collected at the termination of the study 
will be sent to Microbiological Associates fortesting for the same antibodies plus mouse adenovirus, K virus; 
cilia ^associated respiratory bacillus, ectromelia, enzootic diarrhea of infant mice; lymphocytic choriomenin¬ 
gitis virus, reovirus 3, mouse cytornegalbvirus and polyoma,virus. Sentinel'aniriials will also be examined 
for parasitic infection and selected tissues from each of the mice will be examined microscopically for 
evidence of infection or other disease. Shouldlthere be an indication^ significant infectious disease among 
animals during the study, bacteria) cultures or other appropriate testing will be dbne in order to determine 
the cause of the.infection. 


Animal health will also be monitored by routine dally observations, monthly examinations for dinical i 
signs, and pathological!examinations. The laboratory.animal veterinarian will review the weight data, clinical! 
sign data, and'the necropsy reports. Any suspected disease conditions, other than those thought to be 
caused by experimental exposure, or as a consequence of aging, wiH be Investigatedlby the veterinary staff. 

Tien sentinel mice will be Included in the subchronic study for viral antibody testing at the termination, 
of the study. Testing will be for Sendai virus, PVM, GDVI1, MVM, MHV, and M ; Pulmonis . 

e. Acclimatization to Exposure Units , During the quarantine period, the mice will be 
placed in nose-only exposure restraint tubes daily to allow them to adapt to confinement The period of 
confinement will be increased gradually to 6 hours/day by the day preceding the first exposure. Only mice 
that adapt to the restraint tubes will be randomized, assigned to exposure, concentration groups, and 
identified individually with a unique number. 


r\j 


rsj 

GO 

os 

CO 

LT1 

-sJi 

GO 

CO 


voo (m rnpMti) 


111-6 


or disclosure of proposal data I 
is subject to the restriction on 1 
the Title page of this Proposal." 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 






BATTELLE-NORTHWEST 


f. Randomizationi and Identification . Animals will be randomly assigned to exposure i 
groups using body weight as a blockingivariable to assure that there are no statistically significant differ¬ 
ences In Initial group mean body weight using the Xybion Path/Tox system. Animals will be identified 
individually by tail tattoo. 

g. Nose-Only Exposure Unit The inhalation exposures will be performed with modified 
Cannon flow-past nose-only exposure units (Cannon et al., 1983), developed land patented by BNW. The 
system is designed to provide uniform concentrations of test material at all exposure ports. The exposure 
system is described in Section; IV: 

3. TprisoLogy 

a; Observations . Individual animals body weights for exposure and control’ group 
animals will be recorded weekly during ithe piitot and subchronic studies. For the chronic study, weights will! 
be recorded weekly for the first 13 weeks and at 4-week Intervals thereafter. The final!weighing will occur 
before the scheduled terminal necropsy. If life-threatening tumors develop, or if a significant number of 
deaths occur in a group; the weighing frequency may be increased to every 2 weeks on approval by the 
Sponsor. It is anticipated that animals will be weighed every 2 weeks for the final 13 weeks of the chronic 
study. 


All animals will be observed at least twice daiiy (in the early morning and late afternoon, at least 
6 hours apart, 7 days/week) for. mortality and moribundity. Each animal, withithe exception of the sentinels, 
will be formally examined for clinical signs of toxicity at 4-week intervals.. These observations wfl! be 
recorded ion the Xybion Path/Tox system: Signs of toxicity first detected at times other than at the formal 
4-week observations will be noted and recorded on the Daily Observation Record. 

Animals determined by a laboratory animal veterinarian, toxicologist, or toxicology specialist to be 
moribund or to be experiencing substantial pain or distress will be promptly euthanized. Criteria for euthan¬ 
asia have been described in a standard operating i procedure ($OP) to be used with this study. 

If the cumulative mortality of any exposure concentration jeopardizes the ability to draw the appro¬ 
priate conclusions on the carcinogenicity of the test article, the group will be terminated (before the sched¬ 
uled I sacrifice date following approval by the Sponsor 

bj Data Collection and Review . Toxicology data will be collected by the Xybion 
Path/Tox system; or manually entered on specific forms. The type of* data and the method of collection 
dictates how the data are reviewed. 

An example of this process involves collecting ibody weights and clinical signs In both subchronic 
and chronic studies; as detailed below. An animal resources technician or toxicology specialist places an 
animal on the weighing, balance, which automatically transmits the weight data to the Xybion Path/Tox 
system. Clinical signs are enteredlnto the Xybion Path/Tox system using the keyboard: A copy of the data 
is printed when the session is completed. The toxicology specialist assigned totals study reviews these 
data promptly, paying particular attention to weight loss, any abnormal (weight gain, or unusual clinical (signs. 
Weights that fall outside a predetermined! range are investigated as soon as possible by the toxicology 
specialist or animal resources technician, who in turn verifies that food and/or water were available, etc. 
This Is documented and is stored as raw data In the study file. Printouts and review comments are routed 
among the scientific staff for review, .Including the toxicologist, who checks for accuracy and completeness, 
and the principal investlgator/study director and clinical veterinarian, who examine the data for exposure 
and husbandryrrelated effects. Any abnormalities found during this review are checked by one of the above 
staff members. A weekly review involving all toxicolbgists, toxicology specialists, and veterinary staff is 
conducted and any concerns are discussed: Monthly and Study Report data are derived from this informa¬ 
tion. 
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c. COT-Hour Toxicology Supervision , Weekday operations currently extend from 
6:00 am to 6:00 pm. Weekend and!holiday operations currently extend from 7:00 am to 3:30 pm. In order 
to assure complete compliance with study designs and SOPs, the toxicology staff providteoff-hour supervi¬ 
sion. A power operator monitors the building systems at all times. A staff veterinarian is on duty or on call; 
24 hours/day 7 days/week. 

4. Respiratory Minute Volume 

Pulmonary, function measurements will be made on six/mice/group during the proposed) 
lung clearance studies in the subchronic and chronic studies and on six mice/sex/group of the core study 
during months 6y 12,18; and 24 of the chronic study; 

Pulmonary function will be measured by whole-body plethysmography utilizing] Flow-Derived! 
Parameters software (Buxco Electronics, Inc; Troy, NY). Animals will be placed In whole-body plethysmo- 
graph itubes similar to the containment tubes used during routine exposure. However, ail ventilation holes 
in the tube will be sealed, a soft rubber seal will be incorporated around the animal’s neck to seal the thorax 
from the head,.and the rear animal+holding device will be replaced with an O-ring-sealed ■plunger' during 
measurement. Air displaced by expansion-contraction of the thorax during' breathing: will be conducted! 
through a 0000 Fliesch pneumotacljometer; 

Pressure: drop: across the i&neumotachon&eter will be measured with a Validyne DP-45 pressure 
transducer connected to a< Validyne CD-18 carrier demodulator (Validyne; Nonthridge, CA). The pressure: 
signalifrom the demodulator will be digitally, integrated and calibrated by the Buxco software to derive the 
tidal volume and the respiration period for each breath: 

The Buxco software will record the average tidal volume, and the average respiration period for all 
breaths measured during each ISO-second period over.a 10-minute recording session beginning HO minutes 
after start of exposure. The recorded data will be analyzed using i Microsoft Excel spreadsheet software 
(Microsoft Corp., Redmond,, WA) running on an Apple Macintosh (Apple Computer, Inc.; Cupertino, CA) 
computer. Minute volumes will be calculated as the average tidal volume multiplied! by the reciprocal of the 
average respiration period over the 10-minute recording period. It is recognized that if the animal moves 
significantly within the plethysmography the seal may be disrupted or erroneous tidal voliimes may be 
recorded. Therefore, all 10-second recorded average minute volumes greater than 1.5 standard deviations 
(SDs) from the calculated 10-minute mean minute: volume will be rejected, and the mean recalculated 
excludingithe rejected data. 

5. Nicotine Metabolites in Urine 

a. Introduction : Nicotine and nicotine metabolites provktespeefficmarkersafexposure 
to tobacco smoke. For the subchronic and chronic studies, the concentrations of nicotine Ini the RASS 
atmospheres will I be determined. Determination of the amounts of nicotine metabolites excreted Inithe urine 
of the exposed animals will serve to positively demonstrate exposure and the relationship ofdose to RASS 
exposure concentration. 

BNW plans to analyze the urine for nicotine, cotinine, 3-hydroxycotihine, andithe glucuronic acid 
conjugates of these compounds. The analytical methodolbgy will closely follow that ofiRustemeier et al. 
(1993). This method involves clarifying the urine, then dterivatizing with diethylthiobarbituric artd;(DETBA): 
The analytes are quantified using high-performance liquid chromatography (HPLC) with aniultraviolet (In¬ 
visible detector at a wavelength of 529 nm. 

BNW has not been able to locate literature references citing ithe metabolic composition of nicotine 
metabolites In the urine of mice. Htoweveri nicotine, cotinine, 3-hydroxycotinine, and their glucuronic acid 
conjugates provide the bulk of the parent or metabolites excreted in the urine of rats and are expected to 
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be similarly present in mice. Early in the method development phase for analyzing nicotine metabolites in 
urine, BNW plans to treat a moose with nicotine by Intraperitoneal Injection. The urine will be collected and 
assayed for nicotine metabolites to verify the identification ofi major nicotine metabolites in the mouse. 

After the suitability of the analyte selection has been verified, BNW will expose a limited number of 
animals to 1 and 10 pg/L BASS. Urine samples will be collected and analyzed to obtain an estimate of the 
concentration ranges for the metabolites. Thus, concentration ranges will be verified during the subchronic 
study by collecting urine from i a limited number of animals after 4 weeks of exposure. 

b. Sampling . Immediately after, exposure, animals selected! for urine metabolites will 
be placed {^individual rodent metabolism cages. Urine will be collected in ice-cooled tubes for 16 hours. 
During urine collection, water willthe provided to the animals ad //Mum: 

Urine samples will be collected^ 6-month Intervals during the chronic study corresponding to 6, 
12, 18,, and 24 months of exposure. Samples from sbc animals/sex/exposure group/time point will be 
collected from animals from the 1-..3K and 10-#ig/L RASS exposures, as well as from the filtered-air control 
After collection; urinary creatinine concentrations will be determined for each sample by an automated Jaffe 
reaction method using a. Roche COB AS FARA instrument. The urine samples will then be stored at -70°C 
until I nicotine metabolite analysis. 


c. Analytical Methodology 

(1) Samolfe Preparation for Free Metabolites. Urine samples (500 pi) wHI be 
centrifuged and the supernatants further clarified through ultrafiltration. An internal standkrd solution will be 
added to an aliquot of this clarified urine. The internal standard will be N'-ethyimorcotinine prepared in 6 M 
sodium acetate, which has been adjusted to pH 4.7. Solutions of potassium cyanide,. chioramine-T and 
DETBA will be added as described!by Rustemeier et ai. (1993); After, vigorous mixing, the solution will be 
centrifuged and the supernatant transferred to an autosampler vial for analysis by HPLC. The samples will 
be allowed to react for 13 to 14 minutes prior to analysis. 

(2) Samolk_Preparation forGlucuronicAcklXk?niUQates. Urine samples (500 pi) 
will be saturated with potassium carbonate and washed with methylene chloride to remove non-polar 
metabolites. The aqueous phase wil be-neutralized with phosphoric acid, and equal amounts of a 0 jQ 5-M 
sodium acetate buffer will be added along with p-glucuronidase (-5000 units/ml final concentration). The 
samples will be incubated at 37.5°C for 18 hours and centrifuged. The supernatant will be derivatized as 
detailed above and analyzed by HPLC. 


(3) HPLC Analysis Procedure . HPLC analysis w8l be carried out using a> 
Hewlett-Packard (HP)-1050 liquid chromatograph. The UV-visiblb detector will be operated at a wavelength 
of 529 nm. Chromatographic separation will be performed using a- tSO-mm x:4:6-mmlD, 3*pm partldb, 
Ralnin>C ia column at4D°C. BNW will employ the approximate mobile-phase;compositions published by 
Rustemeier et ai. (I993)i These conditions will be used as a starting point and adjusted as appropriate to 
achieve the necessary separation. 

The liquid chromatograph will be calibrated! using gravimetrically prepared standards of nicotine, 
cotinine, and 3-hydroxycotinine. The amounts of these compounds imthe urine in the nonconjugated form 
will be determined by direct analysis of the derivatives. The total amount’ of these compounds will be 
determined by analyzing i urine samples that have undergone enzymatic cleavage. The quantity, of the 
conjugated metabolites will be defined as the difference between the total and free metabolite. 

(4) SultabilMof Chosen Analytes and Range-Finding . After the general proce¬ 
dures for sample preparation and analysis have been established and the strain of mouse has been selected, 
BNW will treat a mouse with l mg/kg nicotine by intraperitoneal injection. The urine from this animal will 
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he collected ifor 16 hours after injection. Theurine will be analyzed for nicotine; cotinine, 3-hydroxycotinine, 
andithe glucuronic acid conjugates of these compounds. The goal of this study is to demonstrate that the 
chosen analytes account fora major portion of the nicotine metabolites excreted intheurineof mice. BMW 
anticipates that the chosen metabolites will account for > 50% of the nicotine dose. If the chosen metabo¬ 
lites do not account'for a significant percentage of the metabolized nicotine; the contribution due to other 
nicotine metabolites will be Investigated and major metabolites will be quantified as appropriate. 

(5)- Method; Validation . After chromatographic separation has been demon¬ 
strated for the chosen metabolites using [prepared standards, urine extracts from the lO^g/L RASS test 
exposure group will be analyzed using an. HP-1050 diode array detector. This instrument will provide an 
estimate of peak purity by an absorbance ratio technique. Good estimates of purity, for the resolved 
metabolites in the urine extract will confirm chromatographic separation from interfering compounds; If poor 
peak purity is indicated, chromatographic conditions will be modified to providb the necessary separation. 

To demonstrate complete enzymatic cleavage, BNW will obtain urine samples from the M^pg/L 
RASS test exposure group. The urine samples will be divided into three portions. The sample portions will 
be allowed to undergo enzymatic cleavage for 14; 16, and 22 hours, respectively. Enzymatic clbavage will 
be judged complete if free metabolite concentration does not increase at the following time point if total 
metabolite concentration is the same at all three time points, an 18-hour incubation time will be used for the 
study. 


(6) Method: Performance Evaluation (MPEV . The basic: MPE will! consist of 
spiking the metabolite standards into urine blanks at six concentrations each, bracketing the expected 
concentration of the metabolites in the urine of animals exposedtot and 10 pg/fnl RASS* The standards 
will be prepared from alternating preparations of duplicate stock metabolite solutions. The high andilow 
spikes, as well as the blank, will be preparedin triplicate: The spikes.will be< prepared and analyzed for the 
free metabolite as previously described for the samples. Standard solutions of the metabolites will be 
prepared with concentrations matching those of; the matrix spikes. These standard^ will be prepared in 
water, and then derivatized as described for the samples and spikes. 

BNW will assess figures of merit for, the analytical methods. Including linearity, sensitivity, accuracy, 
precision, recovery and limits of detection and quantification. 

d. Alternative Analytical Methodology Using Liquid Chromatography (LCV/Mass Spec¬ 
trometry (MSWMS . In 1994, BNW may acquire a triple quadruple mass spectrometer for use by the 
Toxicology Department in support of inhalation studies. This instrument would be equipped with an atmo¬ 
spheric pressure chemical Ibnization (APCI) interface suitable for. use with LC. 

The high sensltrvity’and selectivity provided using the APQ-MS/MS-would eliminate the need for 
sample derivattzation and igreatly reduce the amount of chromatographic separation,needed for quantitative 
analysis of the urinary nicotine metabolites and glucuronic acid conjugates. 

6. Luna Clearance 

a. Introduction . The literature indicates that exposure to cigarette smoke and diesel 
particulate material may impair long-term clearance of dust from the lung (Cohen et al., 1979; McClellan et 
al., 1986). The purpose of lung-clearance studies is to determine whether or not exposure to RASS alters 
lung-clearance mechanisms In mice compared to control mice and mice exposed to DEE. Impairment of 
lung-dearance mechanisms can be evaluated by exposing mice to an insoluble, non-toxic aerosol and 
comparing lung clearance rates of normal mice to those of'mice exposed to RASS and DEE. Lungs with 
impaired particle-clearance mechanisms will exhibit a slower particle-clearance rate (greater half-life) and 
higher concentrations of particulate material overtime, compared) to normal lungs. 
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To perform lung-dearance studies, mice must be exposed to an aerosot that Is relatively, non-toxic 
and does not alter lung clearance mechanisms when administered in moderate amounts. In preparation for 
this proposal,,BNW investigated the use of radiolabeled latex or polystyrene spheres: Advantages of using 
latex or polystyrene spheres are: t) they are relatively Inert; 2) they can be macfe in very uniform particle 
sizes;;and 3) the presence of the: radiolabel allows great sensitivity In measurement of the partidfe load in 
the lung. However, It is not possible to synthesize radiolabeled latex; spheres using common labeling 
isotopes such as 3 H and 14 b because the radiolabel can be leachedi or exchanged from the sphere over 
time. It is possible to label latex spheres with radioisotopes of certain metals that decompose«by x-ray or 
gamma-ray emission. However, Inhalation studies using these materials pose unique occupational health 
and environmental hazards which must be mitigated through additional engineering controls, adding to the 
cost of the study. The cost of radiolabeled latex or polystyrene spheres is also quite high. 

Titanium dioxide (Ti0 2 ) is believed to be relatively non-toxic and has been usediln a variety of lung 
clearance studies involving! rodents (Ferin and Feidstein, 1978; Ferimand Leach, 1975; Greenspan et aJ.» 
1988)i The relatively insoluble TI0 2 represents an acceptable choice of materials for lung clearance studies 
because It does not cause inflammation at low lung burdens (KJosterkotter and Buneman, 1961) and its 
pulmonary clearance is believed to be mediated primarily via phagocytosis by macrophages (Ferin; 1972),,, 
withirelatively small amounts being translocated to the lymph nodes under normal 1 conditions (Klosterkotter 
and Gono, 1971).. Titanium dioxide in rodent lungs can also be measured at low concentrations relatively 
easily using modern atomic spectroscopic techniques such as inductively coupled plasma (ICP)-atomic 
emission spectrometry (AES). Accordingly, exposure ofi mice to Ti0 2 was chosen for conducting lung- 
clearance studies. 

Lung clearance of Ti0 2 has been investigated extensively in rats* although few, if any, studies involv¬ 
ing mice have beenipublished. The work of; Ferin and Feidstein (1979) indicates a long-term clearance half- 
life in Long-Evans rats of! -29 to 34 days. The study design proposed below is based on the assumption 
that simftar behavior will be observed ini mice. As discussed l below, BNW proposes a pilbt study that will! 
provide information necessary to design a study specific to mice. 

b. Study Design . The goal 'of lung-dearance studies is to determine the clearance half- 

life, clearance rate constant, deposition fraction, deposition rate, and pulmonary dose. This will be accom¬ 
plished by exposing mice to 10 mg Ti0 2 /m 3 aerosol with a mass median aerodynamic diameter (MMAD) 
particle size between l and 3 jj m and measuring the concentration of titanium (Til) in the lung at various 
postexposure time points, using ICP-AES; 

A. preliminary study is .proposed wherein analytical methods will be developed and validated,, and 
the Ti0 2 exposure system constructed I and tested. Near the end of theidevetopment phase, 18 mice will 
be exposed to 10 mg Ti0 2 /m 3 for 6 hours/day. for 3 to 5 days. Subsequently, lung assays for Ti will be 
used to estimate the lung burden, initial and terminal pulmonary clearance rates and half-lives, and dose to 
the lung. Pulmonary tidal! volume measurements will beinduded during the exposures to facilitate calcula¬ 
tion) of deposition fraction and deposition rate. Information from the pilot study will be emplbyed to select 
appropriate exposure duration and postexposure sampling times for the subchronic study, 

For the subchronic study, 18 mate mice/exposure group (90 mice including controls) from RASS 
and!DEE exposures are assigned to the lUng-dearance study. Immediately after termination of the sub¬ 
chronic RASS and: DEE exposures, BNW proposes that these 90 mice be exposed to tO mg Ti0 2 /m 3 for 
6 hours/day for 5 consecutive days. Pulmonary tidal volume measurements will be made on six mice/ 
exposure group, with measurements being made on one exposure group/day for 5 consecutive days. Fol¬ 
lowing TI0 2 exposure, lung TI concentrations will be determined by ICP-AES at 0, 1, and 3 days after 
exposure to determine the initial dearance rate and half-fife. The terminal dearance rate and half-life are 
measured by collecting additional measurements 9, 30, and 90 days after exposure. Using an appropriate 
model, pulmonary tidal volume and exposure data canibe used to calculate the pulmonary dose that can 
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be compared to the pulmonary dose measurediby ICP-AES 0 hours after exposure. These data,can also 
be used to calculate deposition fraction and deposition rate. 

This study design assumes that lung i clearance may be biphasic, with the Initial phase being due 
to ciliary clearance mechanisms and a final phase duetodissdution and other, slower translocation pro¬ 
cesses such as macrophage phagocytosis. However, if the initial clearance rate occurs more rapidly than 
1 to 3 days, the design is stll appropriate for a single, first-order clearance process, with a halWife of 
-30 dbys. The dBsignifor the subchronic lung-dearance study is shown below. 


Pulmonaiy TKfal 

Exposure Group_Male Mice*_Measurements?_Lung Clearance 0 


Control 

IB 

6/group (Day 1) 

3/group x 6 time points 

1 mg/m 3 RASS 

IB 

6/group (Day 2) 

3/group x 6 time points 

10 mg/m 3 RASS 

18 

6/group (Day 3) 

3/group x 6 time points 

3 mg/m 3 DEE 

IB 

6/group (Day 4) 

3/group x 6 time points 

ID mg/m 3 DEE 

18 

6/group (Day 5) 

3/group x 6 time points 

"Male mice exposed (nose-only) to 10 mg Ti0 2 /m 3 , 6 hours/day. for 5 consecutive days immediately 


following subchronic RASS and DEE study 

b On the Ti0 2 exposure days Indicated,, pulmonary tidal volume measurements will be made on six male 
mice per group during Ti0 2 exposures 

c Lung burdens of Ti0 2 determined by ICP-AES on three animais/group at:0,1, 3j 9, 30 and 90 days after 
termination of TiQ 2 exposures 

Information acquired from the subchronic study wB! be used for similar studies for the chronic RASS 
and: DEE studies, in which only a limited number of lung assays can be performed. For the chronic study, 
BNW proposes that IB male and IB female mice per exposure group (1 BO mice Including controls) be 
removed from control, RASS and DEE exposures after 15 months. These mice wiU be exposedlto 10 mg 
Ti0 2 /m 3 for 6 hours/day for 5 consecutive days. PuJ mo nary-function measurements will be performed on 
six male and six female mice from each exposure group during the TiD 2 exposures. The Ti0 2 lung burden 
will be determined by ICP-AES in four mice/sex/exposure group (including controls) immediately following 
exposure, and 3, 30 and>90 days after exposure. The minute volume, fnitialllung burden, fractional deposi¬ 
tion, and the retained lung burden at eachi postexposure time point will be determined: These data> will be 
compared across exposure groups to determine differences in clearance rate or pulmonary-function mea¬ 
surements. These data wBI also be compared to those obtained during the subchronic study to discern 
differences arising from long-term exposure to RASS or DEE. The design for lung clearance assay in the 
chronic study is shown below. 


Exposure Group 

M&Je/Femalfe 

Mice* 

Pulmonary Tidall 
Measurements 6 

Lung Clearance 15 


Control 

1: mg/m 3 RASS 

3 mg/m 3 RASS 

10 mg/m 3 RASS 
DEE d 

18M/1BF 

18M/1BF 

18M/1BF 

18M/1BF 

18M/1BF 

6/group (Day 1): 
6/group (Day. 2): 
6/group (Day 3): 
6/group(Day 4): 
6/group (Day 5): 

4/group x 4 time points 
4/group x 4 time points 
4/group x 4 time points 
4/group x 4 time points 
4/group x 4 time points 
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•Eighteen male and I IB female mice exposed (nose-only) to 10 mg Ti0 2 /m 3 ,6 hours/dfcy, for 5 consecutive un 

days after 15 months of RASS and DEE exposures; includes two extra mice to be used if needed ~sJ 

b Onithe TI0 2 exposure dbys indicated, pulmonary tidal measurements will be made on six male mice and "E 
six female mice/group dbring,TI0 2 exposures 

c Lung)burdens of Ti0 2 will be determined by ICP-AES on four animalis/group at 0; 3,30, and 90 days aftBr 
termination of T30 2 , exposures 
^Concentration to be determined 
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c. 


Experimental Methods 


(i) Generation ofTIO^ Powdered H0 2 testmaterial will be aerosolized 
using a Wright dust-feed mechanism (Model tit BGI, Inc.; Waltham, MA) connected to an air> Impact mfil 
(Trost GEM-T; Gaiiock, Inc.; Newton, PA). The Wrightdust-feed mechanism was chosen because It: Is 
capable of providing a constant output of dust over a long; period of time. The test material Is packed at 
a constant pressure (between 1000 and 2000 psJ) into a sample cup. The cup is rotated downward at a 
fixed speed, controlled by a stepping motor, over a stationary scraper blade. Filtered compressed air 
passes through a groove at the outer edge of the scraper blade, entraining the dust as It is cut away., The 
air impact mill wiiilbe used to provide on-line reduction ofthe particle size if necessary. The Trost milt uses 
opposing air jets to cause particJe-topartide impaction and comminutloru The flow rates required for the 
mill!are compatible with the proposed nose-only exposure systems. The exposure concentration will be 
controlled by dilution air How and the speed of the dust feed mechanism. BNW has performed numerous 
aerosol generation and! characterization tests with this system: 

(ii) Exposure Systems . The animals.will 1 be exposed;to TKD 2 aerosol 
on Cannon-style nose-only exposure units, as described! for. the RASS and DEE exposures. 

(iii) Characterization of the Exposures . Exposure concentrations wBI 
be monitored using real-time aerosol monitors (RAM; RAM-S, MIE Corporation, Billerica, MA). The Instrur 
meat will be calibrated against chemically analyzed filter samples as described below. The particle: size 
distribution of the aerosol will be determined with a Mercer-style cascade impartor sampling from the 
breathing zone of the animals. The material collected on each stage will be chemically analyzed; as 
described below, and the resulting mass data will be analyzed and fit to a lognormal distribution to yield 
MMAD and geometric standard deviation (GSD). 

(2)' Analytical Chemistry Methods : 

(i) * Test Chemical Procurement andITIQ C Purity Assay . Reagent-grade 

TiO a sokfby Fisher Scientific will be used I for exposures. It is not anticipated that this material Swill require 
micronizing prior to use in the exposure system. However, BNW has the capability to micronize the test 
materiaJiif necessary to achieve an aerosollMMAD in the range from 1 to 3 /rm: 

Before starting the TI0 2 exposures in.the subchronic study, BMW will assay the purity of the test 
material by assaying a known mass of TI0 2 for Tl using ICFAES. Assay results will be used to determine 
the percent purify by mass of the test material. BNW wOilalso analyze for elemental trace Impurities In the 
test material using ICFAES oriCP-MS. Test material identify-will be established usingix-ray powder diffrac¬ 
tion analysis. These measurements wll be performed only once. 

(ii) Analysis of Exixaure Concentratkm CorK«ntfatiofi$ 
exposures will be determined during, exposures.by collecting duplicate filter samples over the duration of 
the; exposure. Duplicate filter samples will be; collected; on Teflon-laminated polypropylene filters (0.2^/m 
pore size) over the entire duration of the S-hour exposure at a calibrated flow rate of -0.5 L/minute using 
a eritlcalorifice sampling device. The mass ofT!0 2 on the fiter wi be determined igravimetricallyi Exposure 
concentration (in i miillgrams/cubic meter) will be determined by dividing the mass of TI0 2 collected by the 
volume;of air drawn through the filter. 

BNW will also determine the purity of TKD 2 on the Alters collected during exposure; Multi-element 
analysis of TiO^ on filter samples from the exposure system wfll be performed by x-ray fluorescence (XRF) 
spectrometry. 
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(iii) Analysis of Cascadfe Impact or Slides . The particle size distribution 
in the exposure atmosphere will be determined by collecting samples from the exposure system on a seven- 
stage; Mbrcor-stytb, cascade impaetor (In-Tox Products, Albuquerque, NM): The mass of TI0 2 on each 
cascade impaetor stage will; be determined directly by XRF spectrometry. The relative mass of Ti0 2 col¬ 
lected on each impaetor stage will; be analyzed by probit analysis (NEWGAS, Hill et al., 1977) to obtain the 
MMAD and the GSD for the aerosol. These measurements willi be made once prior to the start of the 
subchronic toxicity study, and once during the subchronic and 2fyear toxicity studies. 

(3) Luna Burden Assay Methods . 

(I) Tissue Sample Collection . The animals designated for the lung 
burden studies will be sacrificed at the appropriate times by Inhalation erf 70% C0 2 and exsanguinated via 
the brachial arteries; The lungs will be removed with the trachBa andmaihstem bronchi attached. Extrane¬ 
ous tissue will be trimmed; and the lobes severed from the mainstem bronchi, being careful to leave no lung 
tissue behind. Lung lobes wQt be placed In taredi vials for weight determination and frozen at -20?C until 
analysts. 


(ii) liuna Burden Assay, bv ICP-AES . Preweighed lung tissue samples 
(lOO to 200 mg; wet weight) will be weighed into platinum crucibles, oven dried and ignited in air to remove 
organic material. Lung tissue residue will then be fused with sodh borax (1:4 sodium metaborateisodium 
carbonate) and the fusion dissolved! in 2.5 M sulfuric acid* with-T%. hydrogen peroxidfe. The resulting 
solutions will be analyzed for Ti by 1CP-AES using the Ti (It) emission at 334.9 nm. Results will be reported! 
as micrograms of TiG 2 per gram of lung, tissue. 

(4)' Reports . One month prior to the start of the subchronic subchronic study,, 
BMW will submit a Prestart Report that will include a discussion of method validation for exposure methods, 
lung-clearance assays, and pulmonary tidal measurements. This report wSI also discuss the resuits of the 
preliminary study, and finalirecommendations for study design for lung-clearance studies during the sub¬ 
chronic subchronic study. A protocol for the lung-dBarance study during the subchronic study will ialso be 
submitted with the Prestart Report A report of the findings of the subchronic lung+clfearance study will be 
submitted as an appendix to the Final Report for the RASS and DEE subchronic toxicity study. Prior to the 
start-of the chronic study, BNW will submit a protocol for lung-dearance studies. The Final Report on lung- 
clearance studies will be included as an appendix to the Finali Report on the chronic study. 

7. Pathology 

All the pathologists, supervisors, prosectors, and histbpathology technicians who will work 
on this study, have extensive experience in conducting necropsies of laboratory rodtents from prechronic and 
chronic inhalation studies (see Section VIII, Qualifications erf Personnel): 

a. NkcroDsV v A complete necropsy, described ImdetalMn the BNW necropsy SOP. 
will be performed on all exposed and control animals that die or are sacrificed during the subchronic and 
chronic studies. During the pilot study,,mice that did or exhibit* signs of stress at the end of the study will! 
be necropsied to determine target organs and effects. The following are amplifications to the specifications 
ofi these documents: 


(1) Terminal Sacrifice . Alllremaining core study animals alive after 13 weeks 
In the subchronic study and 104 weeks of exposure in the chronic study will be euthanized and necropsied. 
except five mice/sex/group in the subchronic study, which wHI be allowed to recover for 13 weeks before 
sacrifice. Necropsies at terminal sacrifice will*be performed in random order. 
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(2) Method 1 of Euthanasia. Moribund; and terminal sacrifice animals wM be 
euthanized by exposure to -70% C0 2 in a closed container until unconscious, followed by exsangulnation 
by cutting the brachial artery. The necropsy will be initiated within 5 minutes after the animal Is sacrificed. 

(3) Verification of Animal Identification; Each animal’s identification wil be 
confirmed by checking the taUltattoo and comparing with the identification number on the necropsy tissue 
jar, lidi and Individual Animal Necropsy. Record l (tANR) form before starting each necropsy. The tal with 
tattoo wil be placed in fixative at necropsy, and the identification number will be verified again by the 
histotechnician at trimming. 


below: 


(4) Coliection of Specific Organs at Necropsy. Tissues to be fixed are listed 


Adrenals 

Braint(medulla/pons, cerebellar cortex, cerebral 
cortex) 

Caecum 
Col bn 
Duodenum 
Esophagus 
Eyes 

Femur (including joint) 

Gallbladder 
Harderian glands 
Heart/aorta 
Ileum 
Jejunum > 

Kidneys 

Liver 

Lungs (including trachea, larynx, tongue, pharynx) 
Lymph nodes 
Mammary gland/skin 
Nose 

Oral Cavity 


Ovaries 

Pancreas 

Pituitary 

Preputial/cJitoral glands 

Prostate 

Rectum 

Salivary glands 

Sciatic nerve 

Seminal vesicles/coagulation glands 
Spinal cord (cervical, thoracic, lumbar) 
Spleen 

Sternum with bone marrow 
Stomach 

Tiestes/epididymides 
Thigh muscle 
Thymus 

Thyroid (including parathyroids) 

Tissue masses/tumors 
Urinary bladder 
Uterus 

ZymbaJ’s gland 


(5) i Verification by Pathologist of Collection of AdequateSamples of all Required 

Tissues at Nfecropsv, Tissue samples taken at necropsy will be placed in fixative in a tray divided into 
compartments l&belhd with the names of the organs; After the prosector has completed the necropsy, the 
pathologist will examine the tissues to verify the collection of adequate samples of alt required tissues. 

(6) FfoatFonof Lunas bv Intra-Airwav Instillation with Fixative: To standardize 
the degree of distension of pulmonary alveoli with fixative, lungs wil) be fixed by inserting a blunt needle into 
the tracheal lumen and infusing etharnol/acetic acid/formaldehydfe/saJine (EAFS): fixative at a pressure of> 
25 cm of water unt0 the flow of fixative stops due to equalization of pressures. The trachea is then ligated! 
to prevent outflow of fixative from the lungs. The pathologist will examine the infused lungs for gross 
fesions*,then Immerse the lungs in fixative. 

(7) Fixation of Nasal Cavity Structures . The nasal mucosa has been shown by 
a number of studies at BNW to be a sensitive target tissue for; rodents exposed to many test materials by 
Inhalation. Thus, it is very Important to fbc these tissues adequately as soon as possible after sacrifice. This 
will be done by Inserting a blunt needle into the pharyngeal duct from the nasopharyngeal opening and 
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flushingEAFS fixath/einto the nasal cavity until fixative Is observed coming out both external nares, then 
immersing the entire skull in fixative. 

(8) Photographs of Gross Lesions Observed'at Necropsy . Color 35-mor 
photographs wiii be prepared of representative gross lesions from target tissues or unusual gross fusions 
observed at necropsy or trimming. These will be Identified and submitted to the Sponsor as 2“ x 2" slides 
withithe other pathology data. 

(9) Provisions for Moribund Sacrifices and Necropsies on Weekends and 
Holidays, Trained animal resource technicians observe the animals twice a day on weekends and Holidays, 
once ih the morning and once in the evening. Animals found dead or determined to be moribund are 
removed from the study room and I the necropsy technician on call is notified! Fixed tissues are reviewed! 
by. and questions or problems arising during,necropsy are discussed with, one erf the four BMW patholo¬ 
gists, either at the time of necropsy on the following work day* depending on individual circumstances. If 
an animal Is judged at any time to be moribund, the animal resource technician must obtain specific 
approval from one of the designated toxicology professionals before removing the animal from the study 
room; 


b. Trimming and I Slide Preparation ] Trimming and slide preparation procedures will! 
be performed las specified in the BNW. SOP for trimming tissues. The following are amplifications erf the 
specifications of these documents: 

(1) Tissues Required for Histology and iHistopatholoov in the Subchronic and 
Chronic Studies . The following tissues will be trimmed, processed, stained with H&E, and examined! 
microscopically from all animals In the highest concentration i group, the filtered-air controls* the positive 
controls* and all early deaths In the subchronic and chronic studies:: 


Accessory genital organs (prostate, seminal! 

vesicles, coagulation glands) 

Adrenals, right and left 
Aorta* (thoracic) 

Brain (cerebral 1 cortex,, cerebellar cortex, pons/ 
medulla oblongata) 1 
Caecum 
Clitoral giandfc 
Colon 
Duodenum 
Epididymis 

Eyes with optic nerve (if grossly abnormal) 

Femur, including joint 

Hardferian glands 

Heart 

Ileum 

Jbjunumi 

Kidney, right and left 

Larynx/laryngopharynx (step sections, 4 levels,. 

laryngopharynx at the base of epiglottis) 

Liver, gallbladder 

Lungs (6-jmv sections every 5 mm) 

Lymph nodes (mandibular, mesenteric, bronchial 
and mediastinal) 

Mammary glands 


Musculature (thigh) 

Nose/nasopharynx (4 levels; Young, 1981) 

Oral cavity. 

Ovaries (mesovaries),. right and left 
Pancreas 

Parathyroid glands 
Peripheral nerve (sciatic) 

Pituitary gland 
Preputial glands 
Rectum 

Salivary glands (submandibular and!sublingual) 
Skin 

Spinal ; cord (cervical. thoraclc, and lumbar) 
Spleen 

Sternum with bone marrow. 

Stomach (forestomach and glandular stomach) 

Testes, right and left 

Thymus 

Thyroid glands 

Tongues 

Trachea 

Urinary bladder 

Uterus 

ZymbaTs glands 

All grossly visible tumors or lesions suspected) 
being tumors 
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The following tissues from the I tower concentration groups wil I be trimmed, processed, stained with 
H&E, and examined microscopically in the subchronic and chronic studies: 

Larynx/pharynx (4 sections) 

Lungs (6^im transverse sections every 5 mm) 

Tracheobronchial lymph nodtos 
Nose/nasopharynx (4 sections)* 

Trachea (2 sections) 

All grossly visible tumors or lesions suspected of being tumors 
Target tissues to no-effect-ievel 

Duplicate sections of lungs, trachea,, and nose wilt be cut, stained with AJcian Blue/PAS, and! 
evaluated for mucus/gobiet ceii hypertrophy/hyperplasiau 

(2) Verification iof Collection and Submission of Adequate Samples off Prdocol- 

Required Tissues andJS_ro_ss Lesions at TrimmlnQ;,Slide Preparation. and Microscopic Examination , Several 
checkpoints are utilized In our histology laboratory and histopathology procedures to confirm trimming, 
embedding, m'rcrotoming, staining, and microscopic examination of protocol-required tissues and gross 
lesions from toxicology studies* At tissue trimmingi the histotechnidan Indicates any abnormal tissues, and 
any missing ior insufficient quantity of protocol-required tissues on the IANR for each animal. The technician 
also completes.the “trim* portion' of at BMW Histology Record form for each animal. This form, when 
completed. Indicates the number of the block Into which each tissue section was trimmed and the number 
of samples of each tissue trimmed. Similar Information is entered for each animal by the histotechnidan at 
embedding, microtoming; and!tissue checkout Before submitting slides to the pathologist the histology 
supervisor or senior technician: 1) obtains the IANR,form and verifies all gross lesions mentioned have been 
trimmed land microtomedi 2) does a slide block match up with slides 2, 5, and 7 (approximately 30% of the 
animal); 3) grossly examines slides for lifted up tissues and folds; 4} microscopically examines all slides fori 
chatter and artifacts,, especially, all respiratory tract tissues, paying attention that the epithelial lining is 
complete and! Indudes the lumen of the larynx, the cross-section and longitudinal section of trachea, and 
the turbinates; 5) microscopically examines the parathyroid, tracheobronchial lymph nodes and mediastinal 
lymph nodes andlthe gallbladder;;and '6) after alliare completed, signs off the Histology Record form with 
the number of slides, date checked out and initials. One copy of the Histology Record form for each animalt 
Is submitted with the IANR form and the slides to the pathologist The pathologist indicates, at microscopic 
examination, each tissue examined using the Xytoion Path/Tox histopathoJogy data collection! system; 

In the proposed study; we will utilize the Xybion Path/Tox system to coilect and tabulate histopathol- 
ogy data; Thus; the pathologist, histology laboratory personnel, and internal QA personnel can utilize the 
complete lANRs, the BNW Histdbgy Record forms, and the computerized histopathology data files, as well! 
as the raw data (wet tissue, blocks, and!slides):to keep track of tissues trimmed, processed, and examined 1 
microscopically. 


c. Special Considerations for Trimming Tissues 

(1); Trimming and Slide Preparation of liarvnaeal Sections . The epithelium 
covering the surface of ttie base of the epiglottis has been found to be one of the more sensitive areas to 
exposure-induced lesions In inhalation toxicity studies. Consistency In epiglottis sections Is a key fador in 
the abHity to detect subtle changes. We have developed a, technique to obtain consistently high-quality 
transverse sections through: a); the base of the epiglottis In the area: in which transition from stratified 
squamous epithelium to cuboldal/columnar cHiated epithelium normally takes place In rodents; b) the 
anterior ventral pouch just caudal to the base of the epiglottis; and (c) the area of the vocal folds (Renne 
et ai., 1992a). This has allowed us to detectsubtle changes in the normal anatomic features of these sensi¬ 
tive regions, such as squamous metaplasia, hyperplasia, necrosis, and inflammation; 
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(2) Trimming and Slide Preparation of Nasal Sections . The olfactory and 
respiratory epithelia lining the nasal cavity in rodents have been shown by studies at BNW to be sensitive 
target tissues to many inhaled materials. Thus, preparation of consistently high-quality sections of nasal 
cavity structures will be a key factor in the detection and interpretation of early degenerative, meta plastic, 
and proliferative changes, as well as neoplastic lesions. Our experience in histologic preparation of nasal 
tissues will enable us to provide These critical tissue sections consistently. We will utilize the method of 
Young, (1981) for trimming and microtomlng, nose sections. 

(3) Histology of Lunas . We will trim and prepare sections from the kings as 
described in the method of Lamb and Reid (1969) for trimming rat lungs. However, since mice have much 
smaller lungs than.rats. It will be more difficult to consistently obtain singlb sections containing the junctions 
of all major branches: with the mainstem bronchus of the left lung: We anticipate some variation in the 
number of mice per group in which sections of left lung contalmiall major branches oft the mainstem bron¬ 
chus. 


dJ Histopathdogy. Histopathdogy procedures will: be performed as specified in the 
BNW SOP entitled i HistopathoJogy. The fdlowingare amplifications to the specifications of this document: 

(1) Use of Xvbfon Path/Tox Histooatholbov Data Collection System . The 
Xybion Path/Tox computer system is used in our facility to collect and tabulate: histopathology data for 
ongoing chronic studies, Data cdlectibn terminals for this system are located in each pathologist’s office. 

(2) Avoiding [Spurious Trends in Histopathdogy Data . Apparent differences in 
the incidence of microscopic lesions among groups, which on reexamination (by the original pathologist or 
by a QA pathdogist) are later determined not to actually be present, create a: problem in toxicology studies 
involving microscopic examination of large numbers of tissues. Several techniques, described below, will 
be; utilized to avoid this problem in the microscopic examination of tissues from the proposed studies. 

• The pathologist will keep a dictionary of diagnostic terms used to describe microscopic 
lesions observed, and wBI minimize the number of diagnostic descriptors used. When! a 
pathdogist determines that a new morphologic descriptive term is necessary, and this term 
Has some similarity to another term already In use, he or she will note the specific morpho¬ 
logic differences between the two terms and the reasons for introducing the new term in 
the narrative portion of the microscopic dataifor the first animal in which the new term is 
used. If thelncidemce of the two Ibsibns creates potential confusioniiminterpreftation of the 
data; the pathdogist will briefly describe the differences in the study report 

• The pathdogist will use descriptive adjectives only when necessary to differentiate similar 
lesions and!will avoid using several descriptive adjectives for the same lesion unless abso¬ 
lutely necessary to differentiate induced from spontaneous lesions. When this is required, 
the pathologist will briefly, point out the differences in the study report 

• After completing the initial microscopic examination)of tissues from contrd and high^dose 
animals, the pathdogist will examine the data for differences between groups. If differences 
in Incidence and/or severity are apparent,, the pathologist will then reevaluate the tissues 
containing these lesions from both groups in a “blind" fashion, Le;, informally randomized 
order without knowingithe group oforiginiof any slide examined. This same reevaluation' 
procedure wilt be done with apparent differences in the incidence of lesions In target organs 
examined microscopically from lower-dose groups. Reevakiation of all apparently 
exposure-induced lesions wfll be carried out before submitting the study report 

(3) Morphometry, of Larvnaeal Epithelium ] We will measure and' record the 
thickness of surface epithBUurmat several sites In the larynges of all basic study mice in which we do routine 
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histopathology, using the Bioscan Optimas ImagB analysis system (Bioscan, Inc.; Edmonds, WA). Specific 
areas to be measured wW depend somewhat on results of microscopic examlnatloniof H&E-stained sections; 
and will be determined after microscopic examination of tissues and discussion with Sponsor personnel! 
Tentatively, we propose to measure the distance from the luminal surface to the basement membrane of the 
surface laryngeal epithelium at the following points: 

• Base of epiglottis, in area overlying seromucous glands (Renne et al.,. 1992a);;: measure¬ 
ments at midsagittal'point; and on either side halfway between mid sagittal i point and lateral! 
edge of flat surface (total of three measurements per animal) 

• Median arytenoids, using the most anterior section ins which both arytenoid processes are 
present (Renne et al., 1992a); measure both right and left arytenoids, at ai point halfway 
between ventral tip and most dorsal extension of medial surface (total of two measurements 
per animal) 

• Ventral pouch; one measurement at the most ventral aspect 

• Vocal folds; one measurement of the epithelium covering imedial surface of each vocal fold, 
at the base: of the fold (two measurements per animal)i 

We witll compare the data from; each of these points among exposed and control groups and 
analyze these data for statistical significance: 

(4) Evaluation of Goblet Cell Populations in Respiratory Tract We will prepare 
duplicate sections of nasal section II (at level of incisive papilla), a longitudinal section of trachea, and a 
longitudinal section of the left lung ifrom all mice in subchronic and I chronic studies, and stain these slides 
with Alcian Blue/PAS to evaluate goblet.cell numbers in these tissues. We propose, as an alternate method) 
to counting numbers of goblet cells per high power field as described in the method of Lamb and Reidi 
(1969), to utilize the unit length method of Monticello et at. (1990), which expresses number of cells present 
as per millimeter of basement membrane. This method provides a more accurate measurement of area 
evaluated. 


(5)! Proposed Cell Proliferation Assays of RespiratoryTract Tissues : In addition 

t6 standard histopathologic examination of respiratory tract tissues using H&£-stained sections, the protocol 
provided by the Sponsor calls for morphometric examination of laryngeal epithelia at several sites, as well 
as examination of Alcian BJue/PAS-stained sections of respiratory tract to evaluate goblet cell populations. 
We propose to perform additional assays on respiratory, tract tissues to evaluate epithelial cell replication 
rates in nose, larynx, and fling tissues of exposed and control mice. To accomplish tills, we propose to 
utilize a technique already established in our laboratory (Renne et a!. t 1992b), in which nuclei of replicating 
cellsare labeled immunohistochemically using a commercially available rnonodbnaliantibody (PC 10; DAKO, 
Inc.; Carpintetia, CA) to PCNA, an endogenous nuclear protein. 

PCNA is an auxiliary protein ofi DMA polymerase delta, an enzyme required:for DMA replication 
PCNA Is expressed differentially during the cell cyde, and Its rate of synthesis is correlatedldirectly with the 
proliferative rate of cells (Cells et al., 1984)i Good correlation has been demonstrated between labeling of 
cells.with antibodies to PCNA.and Incorporation of treated thymidine or labeling with bromodeoxyuridihe 
(BnDU)' In a number of different normal tissues, tumors, and non-neoplastic proliferating cells (Hail andi 
Woods, 1990): U&e of an endogenous Indicator such as PCNA has a distinct advantage over Injection of 
exogenous labels because it provides the: capability of measuring cell replication rates in routinely fixed 
tissues, and avoids potential problems related to injection of exogenous labeling compounds. 

Use of this assay will I allow us to compare cell turnover rates in mucosal epithelium of respiratory 
tract of exposed and control mice sacrificed for histopathology. We propose tocut additional sections of 
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nose, larynx, and lungs at histology, and compare mucosal epithelial cell replication rates In these tissues 
by labeling nuclei with the PC 10 monoclonal antibody, countersiainihg with hematoxylin, counting labeled 
nuclei In selected areasof the nose, larynx,, and lungs, and comparing i the tebellng index of these tissues 
In exposed and control animals. For measuring tabbing rates In the nose and larynx sections, we will utilize 
the unit length labeling Index method of Monticeilo et ai. (1990);for measuring labelingirates imlung, we will 
record the number of labeledi alveolar epithelial nuclei in a total of 1000 nuclei examined! 

Location of specific areas within the nose, larynx, and lung to be evaluated will depend somewhat 
on the results of microscopic examination of H&E-stained sections, and will be selected in discussions with 
the Sponsor after completing the microscopic examination of H&E-stained sections of respiratory tract! 

BNWSOPs tilled i Handling Slides; Cleaning, Screening, and Labeling Slides; and Shipping Slides 
address storage of slides on site and final Inventory* packing, and shipping pathology materials to the 
Sponsor. 


(6) Photomicrographs of Representative Microscopic Lesions from Tarqet Tis¬ 
sues . Color prints of photomicrographs of representative microscopic Itesions induced in target tissues by 
exposure to the test materials will) be prepared and submitted to the Sponsor as part of the Final Report 

8. Hematology, 

Hematologic evaluations wBI be conducted on 15 mice/$ex/group randomly selected at 
terminal sacrifice for the chronic study. The animate w3l be lightly anesthetized with -70% C0 2 in room air 
and blood samples collected Into tubes containing potassium ethyfenediaminetetraacetate (K-EDTA) via the 
supra-orbitaJlsinus, In addition, blbod smears will be made em ail surviving mice for leukocyte differential 
evaluations, which will be evaluated if considered appropriate after evaluating the hematoibgic resuits from 
the 15 mice/sex/group. Hematologic parameters evaluated will include an erythrocyte count (red blood 
cells; RBC), hemoglobin (Hb) concentration, volume of packed red celts (VPRCj,,mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH); mean corpuscular hemoglobin concentration (MCHG), 
leukocyte count (white blood cells; WBC), leukocyte differential count, platelet count, and cytologic assess¬ 
ment of all formed elements. 

An Ortho ELT-8/ds blood! analyzer will be used to perform the RBCandi WBC counts* platelet 
counts, Hb, and VPRC determinations; and the red cell indices. For leukocyte differential!counts, smears 
will be made from a weJitaixed aliquot of blood using a blood film centrifuge and stained with Wright-Giemsa 
stain in a Wescor 7100 aerospray slide stainer. The percentage of the various leukocyte types will be 
determined in a minimum of 100 leukocytes and these percents converted to absoliite values. All leukocyte 
counts will be corrected to delete nucleated; erythrocytes, which will be reported Independently. While 
performing the leukocyte differential count, the cytologic features of the erythrocytes, leukocytes, and 
platelets will be evaluated,.as will!the presence or absence of erythrocyte Inclusions such as Howeil-Jolly 
bodies. In the event that an erythrocyte count Is Ibw compared to the control group, an estimated leukocyte 
count will be made from;the smear and compared to the instrument count 

ro 

9. Carboxvhemoalobin fGOHbl Measurements O 

Since the COHb content of the blood Is a reflection of CO dose, CO can serve as a marker ^ 

for relating levels of constituents in the exposure vapor to actual dose to the subject A variety of analytical 00 

methods are available for measuring COHb as well as CO. ^ 

CJ1. 

BMW currently uses an IL 282 CO-Oximeter (Instrumentation Laboratories, Lexington;, MA) to fl\J> 
determine percentage of COHb in blood collected from rats and hamsters. Previous limited investigations 
have indicated accurate analyses in mouse blood for COHb can be obtained with the CO-Oximeter by using 
calculation coefficients available for rats. BNW will validate the CO-Oximeter measurements during the pilot 
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study. Blood’samples will be collected fromalimjted number of animals from the fittered-alr control^expo¬ 
sure group, as well as from those exposed to 1 and 10 mg/m 3 RASS t and 10 mg/m 3 DEE. These samples 
will: be split and analyzed using both the CO-Oximeter and chemical-specific techniques. The chemical- 
specific analysis will utilize gas chromatography (GC)/MS for the determination of CO after liberation from 
the hemoglobin. If the CO-Oximeter results agree well with the chemlcalfspeciffc analyses, the CO-Oximeter 
will be used for COHb analyses for the chronic study. If the two methods disagree, a decision on analysis 
methods will be based on the results of the validation study. 

A potential! problem with the COOximeter analysis method is that siifhemogiofoln can cause an 
interfering response, giving rise to inaccurate results for COHb determinations. This could be a concern with 
the DEE studies, given the levels of sulfur present. 

a. Samrijnfli 

(1) Animal Exposure . BMW will use a limited number of anJmalsbetween 6ar>d: 

12 weeks of age for assay validation; After the generation systems have been constructed and validated, 
andithe strain of mouse has been’selected, animals will be exposed to the filtered-air control, 1- and 10- 
mg/m 3 RASS, and the 10-mg/m 3 DEE atmospheres for 6hours for the COHb validation study. 

(2) Sample CollectionTechniaues , Blood sampleswfll be collbctedilfnmediately 
after animal exposure. The animals will!be lightly anesthetized with -70% C0 2 and blood samples obtained 
from the supraorbital i sinus. Samples will be collected in tubes containing heparin as an anticoagulant 
After thorough mixing; a portion of the sample wUH be removed for chemical-specific measurement The 
remaining material will be available for CO-Oximeter analysis. 

b. Analytical Methodology 

(1) IL-282 Soectroohotometric COHb Determinations. A whole-blbod sample 
is aspirated into the spectrophotometer, mixed with diluent hemolyzed; and brought to a constant tempera¬ 
ture in a detector cuvette. Light absorbance in the sample is measured at four specific wavelengths from 
which total hemoglobin is determined and the percent oxyhemoglobin; percent carboxyhemoglobih, percent 
methemogioblo and oxygen content are calculated] 

(2) GC/MS for analysis of Carbon Monoxide . An aliquot of the collected blood 
sample will be used for chemical-specific determinations of CO. The sample wfllbe placed in a 10-ml head- 
space vial and weighed. To liberate the CO, an acidic reagent will be added through the septumof the vial, 
in addition, an isotopically labeled CO standard! will be addbd with a gas-tight syringe; The isotoplcally 
labeled internal standard wfll make it possible to account for difference In partition coefficient due to matrix 
variation. The internal standard will also provide the ability for volumetric, transfer, and detection variabilities. 

Samples wfll be analyzed by GC/MS using an HP-59711 mass selective detector. (M$D) operated in. 
the selected ton monitoring mode. Headspace will! be introduced to the gas chromatograph using an 
automated headspace sampler. A porous layer, open tubular, capillary colummcoatediwith molecular slBve 
material will be used for chromatographic separation. The GC/MS will be calibrated using volumetricaily ^ 

prepared samples of CO. O 

noi 

For the chemical-specific measurements, percent COHb wfll be calculated from the CO results from jjjjj 

the GC/MS determinations and the total hemoglobin results from thB CO-Oximeter. For total hemoglobin, COi 

the CO-Oximeter utilizes a cyanmethemogiobin method I that Is not species-dependent CJIi 

-Oi 

(3) Choice of Samote Analysis Methodology. The results for COHb from the LjJ 

spectrophotometric and chemical-specific techniques will be compared for samples from tiie RASS and DEE 
exposure. If there Is good agreement between the two methods, the CO-Oximeter willlbe used for. subse- 
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quent determinations during the chronic study. In the case of a consistent bias between the two methods, 
the CO-Oximeter results will be corrected for the bias. Although unlikely. If a discrepancy Is such that a 
simple bias correction cannot be. validated, then the chemical-specific measurement method will be used. 
If such a discrepancy occurs for only diesel; exhaust, then interference from sulfur may be the cause and 
the chemical-specific assay will be used for these samples. 

ID. Proposed Protein/PNA Adducts Study 

Room-aged sidestream smoke contains many of the same compounds; present in main¬ 
stream smoke, including PAHs„ tobacco-specific nftrosamines. ^minobiphenyl, and other constituents 
(Dube and Green, 1982). The potential contributions to tumor development arid other health problems need 
to be 1 evaluated and one method that has received considerable attention: is the formation of adducts to 
proteins and DMA, We propose to assay selected tissues from mice in the subchronic study for the pres¬ 
ence of the adducts. 


This type of work is based on the assumption that cigarette-smoke-induced tumors result from the 
production (during tobacco pyrolysis) of reactive Ihtermediate compounds that covalently bind to DMA. 
These DNA modifications result in mutations, the initial step in tumor formation. Thus,,adducted DNA is the 
most reliable biopoiymer to analyze since it is the target molecule. While it follows that the total binding of 
carcinogen to DNA may be quantitatively related to the number of tumors observed, there is poor correlation 
when several carcinogens are compared. This will be important when samples from animals exposed to 
BASS are evaluated, because cigarette smoke contains numerous suspected! carcinogens, 

A purpose of the proposed study, is to compare the relative potencies: of sidestream smoke and 
dieseli exhaust for the induction of adducts to proteins and DNA. This comparison is complicated since both 
materials result* In exposure to a; complex mixture of carcinogens. In addition, thechemical compositions 
of the; two materials are different. Nevertheless, it will be possible to compare adduct levels for selected! 
compounds because of advances in MS, Itaprovedderivatlzatibn procedures, ,and sample handling.methods. 

Several methods for analyzing DNA adduats have been developed. We propose to evaluate urine 
samples for modified nudeobases. Urine samples will be collected from exposed and control mice after 
several weeks of exposure, derivatized, and analyzed by established!separation and mass spectrometrfc 
methods (Hecht et a)., 1993; Shuker and.Farmer^ 1992)., These analyses will determine whether the adducts 
are present and provide dbsimetric information for a variety of DNA adduct species, provided that adequate 
concentrations are produced. The most likely adducts with adequate concentrations for analysis, are PAHs, 
aromatic amines and tobacco-specific nitrosamirves; however, the method is also very sensitive for altered 
bases resulting from alkylation or oxidative damage. 

Although formation of adducts to proteins such as hemoglobin and albumin are not involved In the 
carcinogenesis process, they may act as surrogate molecules for carcinogen binding, and!therefore act as 
internal dosimeters. This approach has been used recently to obtain information for occupational exposure 
to ethylbne oxide ar>di for cigarette smoke by measuring tobacco-specific nitrosamlhes. We propose tD 
conduct similar studies. For example, exposure of animals to the tobacco-specific nitrosamines, 4- 
(methyfnfcrosamino)*l-(3rpyridyf)-l-birtanone (NNK) or N’-nitrosonomicotine (MNN) results in adducts to 
hemoglobin. Incubation of these hemoglobin samples under mildly basic conditions results In hydtolysis 
of the adduct and release of 4-hydroxy-l-(3-pyridyl)-1^butanone (HPB). Similarly, add hydrolysis of 
benzofa]pyrene diolepoxide releases a tetrollthat can also be derivatized and analyzed by GC/MS (Shugart; 
1986). It has also been demonstrated that 4^minobiphenyli a component of cigarette smoke, forms adducts 
with hemoglobin at concentrations that provide dosimetric information upon analysis. We plan to compare 
RASS and DEE by analyzing fori the compounds described above. 

The experimental dBSigmfor the proposed study will be as follows: Urine from ffoe animals/sex/ 
exposure group will be collected over a 24-hour: period after. 4 weeks of exposure. Blood i will be collected) 
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the mice wW be sacrificed, and the lungs and'trachea wfll be collected and frozen at -80*CX Urine samples 
will be analyzed. tor> DMA adduct metabolites; bibod will be analyzed for hemoglobin add bets. 

The determination of DNA or protein adducts as markers of exposure requires the use of very 
sensitive analytical!techniques. Generally, the use of such biomarkers Is hampered by Inadequate sensitivity 
or specificity of the analytical Instrumentation. However, the prospects are encouraging for achieving better 
sensitivity and specificity by the application oitandem MS in conjunction with either HPLC (HPLC/MS/MS) 
or GC (GC/MS/MS). Iniboth instances, the use of reactant ion monitoring can often allow discrimination! 
against materials that would have presented! serious Interferences to GC/M5 or HPLC/M5. Furthermore, 
the application of either of the electrospray ionization ior atmospheric pressure ionization interfaces for HPLC 
promises to transform HPLC/MS or HPLC/MS/MS into a practical, highly sensitive, analytical technique. 

These advances ih analytical instrumentation are just'now finding widespread practical application 
and BNW is currently in the preliminary planning stages to implement such instrumentation in the Toxicology 
Department, where it would be used for analyzing ladduct samples. If these plans are not completed, similar 
capability is available elsewhere within BNW; However, even with the application of such advanced techr 
niques, the levels of adducts formed by exposure to RASS may be so Ifrwas to evade reliable measurement 
If such is the case; the adduct studies wouid not be pursued beyond the subchronic study; However, BNW 
would carefully define the lower limit of quantitation of the measurement methods so that an upper bound 
could be established for the particular adduces) under study. 

11. Proposed Enzyme Activity Assays 

We propose to look at two of the key enzymes of metabolism; the cytochrome P-450 mono¬ 
oxygenase system, a Phase II enzyme, and I GST, at Phase II enzyme. The cytochrome P-450 mono¬ 
oxygenase system consists of multiple Isozymes and is one of the most important and ubiquitous of broad 
and nonspecific enzyme systems. Various xenobiotics have been shown to cause marked induction; up to 
50- to 100-fold (Parkinson and Safe, 1987), in one or more of these isozymes. The PAHs, such as 3-methyH 
cholanthrene^and phBnobarbital are classic inducers of P-450 activity; Tobacco smoke contains over 
4000• compounds, including!numerous PAHs (Dube and;Green, 1982). 

The GST family cf enzymes has received considerable attention Iru the last few years. These 
enzymes, which are present in most tissues, catalyze reactions between electrophiles and glutathione. A 
number of endbgenous compounds Including qulnones, organic hydroperoxides, epoxides, alkenesand 
arachidonic acid'are thought to be substrates for GST. Thelnvolvement of these enzymes ^detoxification 
of carcinogens has received considerable attention since the carcinogens are eliminated by conjugation withi 
glutathione and secretion in the bile. The involvement of this enzyme family in carcinogenesis is supported 
by other information. For example, increased levels of GST in tumor tissue may contribute to resistance to 
chemotherapeutic agentS; Because of the involvement of GST in Phase II detoxification of carcinogens, it 
is important to evaluate these enzymes along with cytochrome P-450 activity measurements. These studies 
may determine the relative importance of metabolic activation and conjugation for carcinogens present In 
RASS; 


Six mice/sex/group will be exposed for 4! weeks to RASS, DEE, or filtered air as part of the sub¬ 
chronic study,. The mice will be sacrificed and it he microsomaJiand cytosolic subcelluiar fractions from liver,, 
lung, and kidney tissue wll be prepared using differential centrifugation techniques (Guengerich, 1989; Van 
der Hoeven and Coon; 1974).. Protein determinations will be made on these preparations using the tech¬ 
nique of Lowery (Lowery et al., 1951) or the bicinchoninic acid method using the manufacturer's methods; 
(Pierce, Rockford, . IL). The microsomal fraction will be assayed for P-450 content (Matsubara et al., 1976; 
Omura and Sato, 1964). Two alkoxyresorufin enzyme assays -will be used to assay for specific isozymes 
of P-450 (Burke et all, 1985; Lubert et al., 1985; Rutten et al., 1992). Ethoxyresorufin deaikyiase activity 
appears to be mediated primarily by the IA1 and IA2forms of cytochrome P-450 and is preferentially induced 
by PAHs: Pentoxyresorufin deaikyiase activity appears to be ■ mediated primarily by the IIB isozyme of 
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cytochrome P-450 and Is preferentially Induced 'by phenobarbital. The dealkylation of these alkoxyresoruflns 
results In a fluorescent product. The GST activity In the soluble fraction wSI be determinedusing. 1-chloro- 
2,4-dinftrobenzene as the substrate. Ail three soluble classes of mouse GST have activity for this substrate. 
If RASS-tnduced changes In GST or P-450 activity are observed] the Individual Isoforms will be quantitated 
usingiWestem blots and immunochemical procedures.. Measurement of the increase in total:P-45G or GST 
activity and, more specifically, the immunochemical Identification of the specific isozyme involved can 
provide information on the potential mechanism of action of a xenobiotic. 

12. Proposed Studies to Evaluate the ih Vivo Genotoxfc Effects of RASS and Diesel Exhaust 

on the Mouse Luno Celfe 

a. Proposed Micronudtei Study. Chromosome breakage and rearrangement, which 
may result in the formation of micronucJei, is one of the critical classes of change observed during the 
multistage progression of: normal! cells to cancer cells. Deep king fibroblasts have been used to detect 
micronude* indticed by chemicals and: radiation. To characterize this system, animals were exposed to> 
radiation or chemicalfc (Heddle et aL, 1990; Khan andi Heddle,, 1991,1992) and the frequency of mutations 
or micronudei was determined in lung fibroblasts. The chemical was given by injection; radiation was 
delivered either as external x-ray exposures or as inhaled radon and) its progeny (Khan et a)., in press). 
Studies were conducted in rats, mice, and Chinese hamsters and have validated the use ofithis endi point 
and ceil system for physical and! chemical agents. This system Is very sensitive and can; detect damage 
from Ibw levels of insult For radiation exposure;, dose-response relationships were linear. Damaged celfc 
remained in the lung cell 1 population with .an effective half-life of about 30 days, which suggestedia very slow 
tissue repair and made it possible to use the system as an Integrator of chronic damage. Cells can be 
exposed for many days and the number of damaged cells will increase with Increased exposure lime. Such 
a system is very useful for conducting studies of chronic exposure of laboratory animals to environmental! 
agents. 


We propose to use transgenic mice for these studies so both dastogenic and mutagenic events can 
be measured In the same animal. We will use the same strain of Big Blue mouse (either the C57Bl/6;orthe 
B6C3F1) selected for the subchronic and chronic study of RASS. The Big Blue mouse was selected! for 
these studies on the basis of a rapidly developing data base indicating that these mice are very usefuMn 
determining the frequency of Induced mutations, as well as their molecular nature. 

Ten 6-week-old mice/sex/group will be exposed to either 1 or 10 mg/m 3 of RASS,, to 3: or 
ID mg/m 3 of DEE, or to filtered air for approximately 4 weeks as part of the subchronic study. The mice 
will be sacrificedlfollowing at least 2 consecutive days of exposure and the lungs will be removed aseptically. 
One half of each lung will be used for the micronucleus assay. The remainder will be used for the Big Blue 
mutagenesis assay. 

The cell Isolation procedure is a modification of Kahn and Heddle (1991): Briefly, the animals will 
be anesthetized: with pentobarbital and the thoracic cavity, will be opened aseptically. The lungs will be 
perfused with Hank's balanced buffered salt (HBBS) solution via the right ventricle of the heart The lungs 
will then be removediand minced (< 1-mm 3 pieces). After degassing under vacuum to remove trapped air, 
the tissues wilt be rinsed with HBBS to remove any remainingi blood. The tissues will be digested ln O.25% 
trypsin In HBBS for 80 minutes at 37± 0.5*C V with agitation during the final 50 minutes of the digestion. 
The digestion will be stopped with the addition of RPMI medium and rites debris will be allowed to settle. 
The supernatant wHIlbe decanted!and centrifuged at 1200 rpm for 5 to 6 minutes. The pellet containing the 
cells willibe resuspended in RPMI containing 13% fetal bovine serum and 5Q pg/ml gentamicin (complete 
medium) and plated in sir^e-chambered! slides (Permanox;;Nunc. Ina; Naperville, IL). 

The cultures will be Incubated overnight at 37.5^C, 5% CO* and 95% relative humidity (RH). The; 
medium will be discarded the following day to remove unattached cells and any remaining debris. The 
cultures will then: be incubated for ~60 to 72 hours withi complete medium containing 3.2 /ig cyto- 
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chaiasin B/rnllunder the same conditions; The Incubationiwill be>stopped with the addition of ai hypotonic 
solution of 0:075 M KCI and fixed with 95% methanol: 

The slides will be staihed wlthiO.01% acridine orange stain (Olfco; Detroit, Ml), whlchstalns nuclear 
material, and scored according to the criteria of Heddle et al. (1990)., The number of blnucleated cells (those 
undergoing one cycle of cell division while In the culture media) wlllibe recorded relative to>the number of 
undivided cells; This will provide a measure of the rate of cell proliferation dUrlng>the cell culture period and! 
determine if the exposure caused'changes in the cell cycle. The frequency, of mlcronuclellin blnucleatedl 
cells wlllibe recorded to provide an index of chromosome damage in the cells:undergoing cell division. 

b. Proposed Big Blue™ Mouse Mutation Assay. Stnatagene has dBvelbpedstralns of 
mice containing the lambda bacteriophage shuttle vector (Big i Blue mouse). These vectors contain a lad 
target gene that'codes for a repressor of an Indicator gene. The DNA ofindividual tissues is extracted and; 
the phage sequences are packaged into active phage particles. When bacteria are infected with these 
phage and are spread onto a culture plate, they grow as a lawn of nonlnfectedi bacteria containing plaquBS 
(zones of clearing) consisting of bacteria, lysed by a phage done. Mutatlons that Inactivate the lad gene 
allow, synthesis of p^galactosidase by infected bacteria that generates a blue color from a chromogBnlc 
substrate. Thus, blue plaques of lysed bacteria each contain a phage done with a mutated lad gene. The 
assay allows the measurement of mutation frequency by comparing the relative numbers of blue and normal: 
plaques. Further, the phage from blue plaques can be amplified by growth and the DNA sequences of the 
mutants can be analyzed to provide a spectrum of; mutations. 

We propose using the Stratagene Big Blue mouse system to analyze the mutagenicity of DEE and 
RASS by inhalation exposure. Methods for analyzing the mutations will be 1 those In the instruction manual 
provided by Stratagene: Weplan to expose 10 Big Blue mice/sex/group to DEE or RASS for 4 weeks and 
compare these to a group of 10 Big Blue mice/sex nonexposed controls; We will extract and process the 
DNA from trachea, lung, and liver and lanafyze 400,000 plaques from each tissue for mutations. Stratagene’s 
work to characterize the system showed that mutation frequencies were constant after more: than 300,000 
plaques. If the mutation frequency of the DEE-exposed group Is higher, than the controls, we will analyze 
them by DNA sequence analysis to characterize their mutations. Blue plaques will be grown In liquid culture:. 
Isolated, and the lad gene sequenced by cyde sequencing using an .Applied Biosystems, Inc. (ABI; Modeli 
373A; Foster City, CA) automated sequencer. In this method, the gene Is amplified In three overlapping 
segments by the polymerase chain reaction and the one containing the mutation Is identified by single- 
strand! conformational analysis. Thus, only one 300-base pair (bp) fragment will need to be sequenced. 
Sequencing directly from the phage DNA will use the protocol developed by ABI for their automated 
sequencer. 
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IV. GENERATION AND MONITORING 


A. TEST MATERIAL 
1. Cigarettes 

a. Specification . The test cigarette to be used to generate RASS is 1R4F, as specified 
by the Sponsor. The 1R4F Is a fflter-tippedi reference cigarette with a TPM delivery of 16.9 mg/cigarette 
In sidestream smoke (RJ; Reynolds, 1988). 

b; Procurement It is assumed that the test cigarettes wll be provided iby the Sponsor 
and are not included in the cost estimate of this proposal. They are also available from the Tobacco and 
Health Research Institute at the University of Kentucky (Lexington, KY). As delivered by this institute, the 
cigarettes are packed to contain 5,000 per case. BNW estimates that ~900 dganettes/day will be reqgired 
and -634,000 cigarettes will be required to complete the prestart testings and the subchronic and chronic 
exposures. A 13-week supply of cigarettes (~60,000)twHIibe ordered each quarter. The capacity of BNWs 
freezer Is sufficient to allow storage of 85,000 cigarettes between shipments. 

c. Analysis . The composition andlphyslca! data on 1R4F cigarettes are summarized 
in Tables IV-1 and IV-2. It isexpected that some physical and'chemical analysis wilt also be provided by 
the Sponsor or the supplier of the test cigarettes. BNW does not plan any additional analytical measure¬ 
ments or tests before using these cigarettes for RASS generation] 


TABLE IV-11 Composition of the 1IR4F Reference Cigarette (Sullivan, 1i984)t 


Tobacco Type 

. Percent Composition | 

Rue-cured 

\ 32.54 

Buriby 

| 20:04. 

Oriental 

11.09 

Maryland 

1.06 

Reconstituted (Schweitzer) 

27.17 

Glycerol 

2.80 

Isosweet (sugar) t 

5.30 


TABLE IV-2. Physical Data for the 1R4F Reference Cigarette (Sullivan, 1984) 


Cigarette Rod 
i Weight (gm) 

Static Bum 
(sec/40 mm) 

Length i (mm) 

Circumference 

(mm) 

Paper Porosity 
(sec/50 cc) 

1.072 

552 

84.0 

25;0 

220 
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d. Storage and Inventory Conrtroi. Before signing a Confirmation of) Receipt torn, each i 

case of cigarettes will be inspected and the cartons will be counted. Each carton of cigarettes will be given 

a unique identification number, which will! be used to track the test materia) from receipt through usage: 

The cigarettes will be stored in a locked, limited ^access freezer at -16 ± 5°C. Freezer temperature 
will be automatically monitored four times a day. Cigarettes removed from -16^0 storage will I be precondif 
tionedifor at least AS hours at room conditions (22 ± 2°C; 60 ± 10% RH). I 

e. Disposal . Atthe direction erf the Sponsor, alliunused test cigarettes wW be returned 
or disposed erf before the termination of the contract Used test cigarettes will be disposed of by the 
chemistry group. 

2. Rira e U M 


ai Specification . Diesel fuel meeting the specifications listed below (either Type 1-D 
or Type2-D) is recommended in the Code of Federal Regulations (40 CFR, 7-1-92, p. 795) for use in exhaust 
emission testing. 


Item j 

Type 1-D 

Type 2-D 1 

Cetane Rating, (%) 

48 to 54 

42 to 50 | 

Distillation range: 


8 

IBT, °F 

330 to 390 

340 to400 B 

10% point; ®F 

370 to 430 

400 to 460 : 1 

| 50% pointi °F 

410 to 480 

470 to 540- I 

90% point, ®F 

460 to 520 

550TO 610 I 

EP, °F 

500 to 560 

580'to 660 1 

Gravity. API 

40 to 44 

33 to 37 

Total sulfur, % 

i 0.05 to 0'20 

0j 2 to 0.5 

Hydrocarbon composition: 

| 


Aromatics, % 

8%* 

27%* 

Paraffins, napthenes. 

92% 

73% 

and olefinsi % 



Rashpoint, °F (minimum) 

120 

130 

Viscosity; centistokes 

1.6 to 2.0 

2.0 to 3.2 

l ■■ ... ■ , .1 „ H 


•Minimum 


b. Procurement BNW has contacted several suppliers of Type 1 -D and Type 2-0 
diesel fuel] and proposes to purchase a single batch of certified diesel fuel of sufficient quantity,to complete 
all prestart testing, the subchronic study, and the chronic study. Currently, the estimated usage rate Is 
-IS gal/day and BNW estimates that 8,000 gallons of diesel fuel w8l be sufficient to completethestudles. 
Due to changes in the sulfur content of the diesel fuel that may be imposed by the UiS. Environmental 
Protection Agency (EPA), BNW cannot currently recommend the exact fuel type (1-D or 2-D) to be used for 
the chronic study. Itls anticipated that by late 1993 or early 1994, new EPA specifications affecting sulfur 
content will be issued! Diesel fuel suppliers contacted by BNW are listed below. 


Wood rack Distribution, Inc., Chevron U.S.A 
Trt-Cittes, WA 99302 
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Howell Hydrocarbons 
1201 South SheldomRd 
Ghannelview, IX 77530-0429 

Sun Refining and Marketing Company 
P: O. Box 1135 

Marcus Hood, PA 19061-0835* 

Amoco Oil Company 
P: O. Box 3147 
Southfield, Ml 48034 

c. Analysis . Initial tests to be performed on the diesel fuel !are comprised of American 
Society, for Testing and i Materials (ASTM) reference methods as specified below; 

• Accelerated oxidation for insolubles 
D: 2274 

Oxidation vessel 

• Sulfur content 
D 4294 

Energy-dispersive x-ray fluorescence 

♦ Hydrocarbon types in liquid petroleum products 
D 1319 

Fluorescent Indicator adsorption 

* Water and sediment determination 
D 1796 

Centrifugation 

In addition, BNW proposes to fortify the dieselifueliwith metal dfeacth/ators and oxidation inhibitors 
at the vendor-recommended concentrations: 

Samples will be taken quarterly from the top andibottom of the storage tank and tested for oxidation 
stability, water and sediment, metal I deactivator content and oxidation. Inhibitor content Any water found 
in the bottom of the tank when samples are drawn wll be tested for. biological growth. If biological growth 
is found, a biocide (B.gi, Biobor JF; U.S. Borax, Los Angeles, CA and/or Vanckfe 51; RT Vanderbilt, Norwalk, 
CT) will be added to retard!further biological growth. In the event the concentration of particulate matter, 
organic matter, etc., exceeds the vendor-recommended concentrations, BNW will take the appropriate action 
(filtration^ treatment,, or replacement) to correct the problem; however, such contingencies have not been 
Included in > the cost estimate of this proposal. 

d* Storage and Inventory Control . The diesel fuel will be stored in an 8000-gallon, 
triple-wall, fire-protected, above-ground storage tank. The tank will be Underwriters Laboratory, (Un¬ 
approved for Class I and Class II petroleum liquids, with a volume sufficient to store a single batch of fuel 
for both the prestart testingstudies. The tank will (be painted with a reflective material and sheltered from 
direct sunlight The tank and fuel-delivery system wll be constructed of> materials that prevent the fuel from 
coming iftto contact with harmful! metals, such as copper and its alloys (e.g., monel) or zinc, usually found 
in galvanized coatings. A tank sentinel system wjU also be included, which will be capable of detecting and 
alarming leaks of Oil gal/hour. In addition, this system will print daiy volume and I temperature reports. 
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A wateivcooJdd heat exchanger will be installed in the tank and a constant flow of water at atemper- 
ature between 5 and 1S°G will be circulated through the heat exchanger to stabilize the temperature of the 
fuel. Internal temperature of the tank will be monitored automatically four times/day. An .alarm will indicate 
If temperature limits are exceeded. 

e. Disposal . BMW’s Waste Management- and Environmental Compliance group will 
dispose of excess;materiali remaining at the: end of. the studies. 

Bi EXPOSURE ATMOSPHERE GENERATION AND • DELIVERY AND EXPOSURE SYSTEMS 

V. Nose-Qniv. Exposure Unit 

The inhalation exposures will be perform^ with.inodified Cannon flow-past nose-only 
exposure units (Cannon et al. f 1983) developed and-patented, by BMW and depicted in Figure IV-1. The 
system* which is designed tb provided uniform concentrations of test material at all exposure ports, incorpor¬ 
ates two concentric, plenums, one that supplies fresh aerosoi to the breathing zone of each animal land one 
that serves as the exhaust to remove the expired and 'unused* aerosdi Air flow through the unit is set so 
that the animals db not rebreathe their own expired air and the concentric plenum design ensures that they 
do not breathe a neighboring animal's expired air. A minimumiflow of 250 ml/minute will be provided at 
each exposure port 

The exposure units usedlforthis study will have 104 exposure ports; up to 90wOI be used to expose 
animals. The remaining ports willl either be used for sampling or wilt be plugged. During exposure,, the 
animals wfll becontained in 3- x 14.5-cm; ventilated, transparein polycarbonate tubes with an adjustable plug 
at the rear opening (CH Technologies; Westwood, NJ): These tubes are mounted to the ports of the 
exposure unit 

Each exposure unit will i be enclosed in a transparent polycarbonate plastic cabinet on a stainless- 
steel stand. The cabinet wHI isolate the exposure unit from the exposure room, but still allow observation 
of the animals. A door on one side of the cabinet will ailbw easy loading andiunloadlng of the animals. The 
exposure unit win rotate on a turntable to allow access to all animals. The cabinet will be vented through 
a high-efficiency particulate air (HEPA) filter to the building exhaust system andlwill be operated at a slightly 
negative pressure with respect to the room. 

The exposure units will be operated in pairs (Figure IV^2) at essentially identical concentrations; one 
for. exposure of. female mice, the other for males. Single units for. each concentration will bB used for the 
subchronic study with both mates and females bemg exposed i simultaneously in each unit On-line monitor¬ 
ing of TPM and CO will be performed through nose ports in one of the pair of exposure units. This method 
of on-line monitoring will reduce the number of monitoring systems required, thus reducing icc^y mainten¬ 
ance and calibration. During prestart system validation, daily filter samples wilt demonstrate that the TPM 
and CO concentrations In the two units are essentially Identical. 

2. System Layout 

Figure KA3 shows a diagram of the rooms In the basement of LSL-II that BNW proposes 
to use for the DEE and RASS studies. 

The diesel engine, dynamometer and dynamometer, control; and i data acquisition system wit be 
contained ImRoom 511, This room wXI also contain a spare engine. Both engines will i be mounted on 
movable stands to facilitate quick and easy exchange: A tank containing sufficient fuel for 1 day of exposure 
will alto be housed in this room, with the main fuel storage tank Ideated in a fenced, paved area outside the 
building. 
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FIGURE IV-t. Diagram of the Modified Cannon Nose-Only Exposure Unit 
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FIGURE IV-2: Diagram of Paired Arrangement of Nose-Only Exposure Units 
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FIGURE IV*3. Portion of the Basement of the Life Sciences Uaboratory-ll Building Showing Room Layout 
of the RoonvAged Sidestream Cigarette Smoke (RASS) Generator and Aging Room;, the 
Diesel Engine Exhaust (DEE) Generator,, the Animal Exposure Rooms, and the Animal 
Housing Room 
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The cigarette smoke exposure machine will! be located in Room 519. The smoke aging room will i 

be located in Room 515. Room 519 will also contain the'automated exposure data acquisition and control 
system. An exposure technician ican (attend to both the routine operation of the cigarette smoking machine 
and the data acquisition and control system. 

The three RASS exposure unit pairs for the chronic study will be locatedlki Room 523. A delivery 
line wHi carry the RASS from the aging room to the exposure units. The two DEE exposure unit pairs, as j. 

welllas the two fittered-air exposure unit pairs, will be located in Room 531. A heated delivery line wilt carry 
the diesel exhaust from the engine room to ^ location near the exposure chambers. 

All the animals willibe housed in Room 530 and transported to the exposure rooms prior to expo- !; 

sure. 

3. RASS Generation and Delivery System 

a: introduction . The cigarette smoke test article will be RASS, which is taken as an- 

experimental model for ETS. A schematic diagram ofthe RASS generation system and aging room is shown 
in Figure IV-4. A diagram^ the RASS delivery system is shown in Figure 1V-5. \ 

b. Smoking Machine . Sidestream smoke wJU be collected as the test cigarettes, 1R4F, 

are smoked by a 30-port smoking machine (Model 1300C, CH Technologies; Westwood; MJ). Standard i 

puffing conditions (Table IV-3) following guidelines of International Standards Organization (ISO) Standards 1 

#3402; #4387 and #3308 will be used. 

A stainless-steel cone will be fitted over the smoking machine to extract the sidestream smoke. 

Conditioned dilution air (22 ± 2°C and 60 ± 10% RH) will be mixed with the smoke before being injected 
into a smoke-aging roomiby a controlled-flow fan. Mainstream smoke from the smoking machine will be 
passed through a filter system to remove the majority of the particulate material'before ft Is routed to the t: 

building exhaust. 

c. Smoke-Aging Room . The sidestream smoke will be aged In a 30-m 3 (~ 10- x 1 x ( 

8-ft): room contained in Room 515 ci LSL-ili The aging room'wM be constructed of wallpaper-covered 

drywali attached I to steel studs. The floor wiH be i epoxy-paint-covered concrete. A sealed door will allow 
access to the aging room. Lighting;willibe provided by a singlh incandescent lamp, which wflt normally be 
turned off during smoke generation. Optimal lighting conditions that may affect RASS composition will be 
considered in cooperation with the Sponsor The aginaroom wil be maintained at a temperature of 22 ± 

2°C with 60 ± 10% RH. A constant air flow of 60 irr/hour through the room will satisfy the required 
ventilation rate of two air changes/hour andia mean aging time of -0.5 hour. Mixing ferns will be installed * 

in themixing room to ensure a uniform! atmosphere. TPM buidup and decay times in the aging [room wfil 
be evaluated experimentally during the pre-exposure testing phase. 


M* im 
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Aging Room 

Specification*: 

* Velum* j 30 m 3 

* Akr Change*} 2ftK>ur 

* Temperature: 22±2*C 

* RH: 60±10%RH ! 

* TPMConcentration: 20pg/L 

* Operationundsrpo*itiv*preeeure: -TH£> 

* W&l paper covered. tfaywaJ) 

« Teflonbladetracing ten* in iwo comet* ■ 

Monitoring: 

* Temperature 

* Relative Hurr*<fity 
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FIGURE IV-4. Schematic Diagram of the Sidestream Cigarette! Smoke Generation System and Aging 
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FIGURE IV-5. Schematic Diagram of the Room-Aged SkJBStream Cigarette Smoke Distribution and Exoo- 
sureSystem 
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TABLE IV-3. Conditions of i Smoke Generation and!Collection 


| Puff volume 

35 ml 

Puff duration 

2 seconds 

Puff number* 

8 

Puff frequency 

One puff/minute 

Air velocity around the cigarette 

200 mm/second | 


*ISO Standard #4387 defines the standard butt length as the greatest of three lengths: 23 mm, length of 
the filter plus 8 mm, or overwrap plus 3 mm. in the smoking machine proposed, a “butt length switch" 
controls the length of the cigarette rod i smoked, before the butt is automatically dumped into am ashtray. 
The switch is set atthe factory for a 35-mmbutt length, but can be adjusted fort other lengths, An alterna¬ 
tive is taking a set number of puffs (e.g., six puffs after the first lightingi puff) from each cigarette instead 
of smoking them to a fixed butt length. Because the number of puffs required!to reach a consistent butt 
lengthican vary from cigarette to cigarette, this alternative will ensure s consistent and!whole puff number 
for each cigarette.___ 


Aerosol and CO concentrations wll be monitored in ithe aging room for 30 minutes before the start 
of each exposure. TPM concentration in the aging room and In the distribution line should be at least twice 
as high as the maximum chamber concentration desired (Le., 20 mg/m 3 ). The loss of particulate material 
from smoke during dilution and aging has been repotted between 20 arid 50% (Baker and! Proctor, 1990; 
Guerin et a!., 1992; Ingebrethsen et ai., 1988; Pritchard et al., 1988)i An approximate estimate of the 
cigarette consumption rate can be made as shown below. This estimate includes a factor of t .5 for the loss 
of TPM due to dilution and aging, assumes 16j9 mg TPM delivery/cigarette, and allows for 1 hour of 
generation, prior to exposure, for buildup and mixing/aging (Le., a> total of 7 hours of generation), 


1.S X2pny TPMjtn* x 60 m»/tour x_ 7 „ 746 dgar6tteMday 

16 9 mg TPMfdga/sttB y * r 


BMW.estimates that -13 cigarettes will be smoked atthe same time. Assuming that 15 cigarettes 
must be loaded every 7 minutes, a total of 900 cigarettes/day wll be required. Since the capacity of the 
automatic loading device on the smoke generator is -400 cigarettes, the reservoir will be manually loaded 
about every 3 hours. PO 

O' 

Temperature and RH in the aging room will be automatically monitored approximately every 2 hours 
during smoke generation. Air pressure in the aging roorn^,which will be slightly positive compared’to the OS 

laboratory room, will be manually recorded daily; Aerosol and CO concentration will be automatically 
recorded approximately twice per hour 

os 

d. Delivery System. The entire flow from the aging room wttli be delivered to the SO 

exposure rooms via a'stainless-steel delivery tube. The required flow ofRASS will be withdrawn from this 
delivery line by pneumatically controlled ejector tube; mixed With conditioned! air to achieve the; proper 
concentration, and injected Into the nose-only exposure unit (Figure IV-5). Exhaust from the exposure unit 
m/81 be routedithroughia flow-control vafve to an exhaust tube maintained at a negative differential pressure 


1*0 (M rr*M*i) 
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by a pneumatic pump. All RASS exhaust will be passed :tbrough a filter, system to remove the majority of 
the particulate material before being routed to the building exhaust 

4i PEE Generationiand Delivery Svstem i 

a. Overview . A schematic diagram of the proposed DEE generation system fe shown 
in Figure 1V-6. The DEE will be generated from a Ifghfcduty pickup truck engine on a shock-mounted lengine 
stand attached'to a dynamometer system. The dynamometer wil be programmed to simulate the EPA 
Urban Dynamometer Driving Schedule (40 * GFR, Chapter 1, Pt 86, Appendix I). This test sequence is 
normally performed on a chassis dynamometer utilizing the complete vehicle and drive train. However, BNW 
will simulate this using a motoring dynamometer that will control I both ithe acceleration and deceleration of 
the engine. The data acquisition and control system associated with the dynamometer (Section !V:B.4.d) 
will be capable of simulating the proposed cycle. 

A schematic diagram of theproposed DEE distribution and exposure system is shown in Figure IV-7. 
A constant flow of DEE from the engine wil be delivered from a plenum downstream from the engine muffler 
to the exposure rooms through heated stainless-steel delivery lines. Row wilt be maintained by a pneumatic 
pump Ideated at the downstream end of ttbe delivery tube. 1 The required flow of DEE will be withdrawn from 
this delivery line by a pneumatically controlled ejector tube, mixed with conditioned air to achieve the proper 
concentration, and injected into the nose-only exposure unit Exhaust from the exposure unit will be routed 
through a flow control valve to an exhaust tube maintained at negative relative pressure by a pneumatic 
pump; All DEE exhaust will be routed to the building exhaust 

The exhaust must be at room temperature on entry into the nose-only exposure units. To accom¬ 
modate the required reduction in temperature, the exhaust will be cooled [gradually as it traverses the duct 
leading from the engine to the exposure unit If further cooling Is necessary, a cooling plenum will be placed! 
just upstream from the exposure unit 

The engine will be supplied with dean air taken from the animal facility corridor. FubI will be 
supplied from a 20-gal tank, which will be kept full by a pump connected to a larger tank located outside 
the building. 

All engine control functions wHi be performed by the dynamometer control system, including starting, 
acceleration, and deceleration. The dynamometer control system will also monitor the operating conditions 
of the engine. A second, identical engine wil) be ready on a test stand Inithe event that the primary engine 
malfunctions: Both engines willlundergo break-in asspecified by the manufacturer before being used in the 
studies. 


Routine maintenance will be performed on the primary engine during nonexposure periods. This 
will indude oil and fitter changes at every 3000-mile equivalents. Other maintenance will l be performed as 
recommended by the engine manufacturer and recorded in an operating log. 

Ps3 

b. Simulating the EPA Urban Dynamometer Driving Schedule . The EPA Urban Dvnsh 
mometer Driving Schedule is a protocol for performing emissions testing from light- and mediurruduty 
vebides. The procedure calls for a series of accelerations; decelerations, and stops over a period of On 

—23 minutes, and a 7 5-mile distance. This cyde is shown graphically in Figure IV-8. The ERA protocol Jr® 

specifies the vehicle speed on the chassis dynamometer. Upon Installation of the engine and dynamometer, 
a calibration of speed versus revolutions per minute (rpm) and torque will be performed. These data will -vji 

be used to set the appropriate rpm and torque corresponding to the EPA-specified protocol. Before the O 

start* of exposures each day, the engine will warm up during one complete cyde, after which it will Idle until 
the animals are ready for. exposure. The cyde will be repeated -16 times during the 6-hour + T «o exposure 
regimen. 
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FIGURE W-6. Schematic Diagram of the Diesel Engine Exhaust Generation System 
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FIGURE IV-7. Schematic Diagram of the Diesel Engine Exhaust Dlstribution.and Exposure System 
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FIGURE IV-0. Graph of U,$. Environmental Protection Agency Urban Dynamometer Driving Schedule 
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c. Engine Selection , BNW has identified three manufacturers of light-duty diesel 
engines that would be acceptable for the proposed studies. Ford Motor Company (Detroit, MI) provides 
a 7.3-L engine and GeneratiMotors Corporation (Detroit, Ml) manufactures a 6.5-L engine for their respective 
lines ofipickup trucks. Cummings Diesel (Columbus, IN) also manufactures a light-duty pickup truck engine 
that' Is used by Chrysler Corporation (Detroit, Ml) in Its Dodgepfckup trucks. This engine has the lowest 
particulate emissions of the three andl would probably not be our first' choice. 

At least two engines wll be required for the study, one serving as a backup at all times: As pre¬ 
sented above, the ERA Urban Dynamometer Driving Schedule specifies a 7.5-mife, 23-minute cycle. For 
the proposed exposures, this will entail the equivalent of approximately 120 imites/day or 31,200 miles/year. 
Tiwo engines should be adequate to complete the study, 

d. Dynamometer System . In order to perform the EPA Urban Dynamometer Driving 
Schedule , a complete vehicle must be run cm a chassis dynamometer. However, an accurate simulation 
of the performance of an engine used in a particular vehicle can be made withiai motoring dynamometer. 
This device controls the load (torque) on the engine during acceleration or deceleration. During decelera¬ 
tion, the drive train is actually turning the engine. There are a number of manufacturers of motoring dyna¬ 
mometers but BMW’proposes to utilize a system designed and built by Dyne Systems Co. (Mequon, Wf) 
consisting of a dynamometer, with a 220-horse power (hp) absorbing and 200-hp motoring capacity, a direct 
current (dc) motoring dynamometer controller, and a throttle controller. The system will also have an 
automated data acquisition and! control unit to operate the engine through the required EPA cycles. 

Alternatively, a simple absorbing dynamometer.system could be used; however^ a flywheel!system 
would be necessary to produce the required torque load for the engine. Further, such a system would not 
provide the toad experienced by an engine during deceleration, and would therefore not accurately repro* 
duce the EPA test procedure. 

e. Expected Concentrations of Engine Emlsslons-Particulates and Nitrogen Oxides 
MQ X 1: Diesel engines , are manufactured to meet strict and ever-decreasing EPA emission requirements. 
The current 1993 EPA standard is 0.2 g/mile for; participates, and 1.2 g/mile for oxides of nitrogen. For the 
toxicity studies; this poses the potential difficulty.of producing sufficient diesel particulate while still maintain¬ 
ing safe levete erf nitric oxide (NO) in the exposure chambers. In studies on the effects of diesel particulate, 
the engines emplbyed had much higher particulate emission Ibvels and,.consequently, the nitrogen oxides 
were diluted along with the particulates to manageable concentrations. A chronic diesel I exhaust study was 
performed In our laboratories with General Motors* 4.3-L OldsmobSe engines running at constant speed land 1 
torque 20 hours/day, 7 days/week, producing particulate concentratlonsup to 1.5 mg/m 3 . The total NO* 
concentrations averaged as high as 7.4 ppm. In a study performed at the Lovelace Institute, a 5.7-L 
OldsmobPb dieseliengine was used to prodiice particulate concentrations of 7 mg/m 3 . Corresponding NO 
concentrations were 9.82 ppm. This study was performed usingia modified ERA driving te$t>procedure. 
Because the amount of nitrogen oxides produced is largely related to the engine temperature, the ratios erf 
the two measurements (particulates to NO*) in the studies cannot be compared. Further, the quantity of 
particulates produced is a function of the.driving conditions. 

0) Particulates. To estimate the particulate concentration that wfll be available 
and the required engine-emission dilution, a number of assumptions must be made. For the 7.5-mile, 
23-minute EPA cycle at 0.2 g/mtte average total particulate emissions,.the averagegeneration rate of diesel 
particles would be expected to be<65:6 mg/minute. The Instantaneous value would, of course, be constantly 
changing las the engine cycled; The air flow from the engine would also vary, from values as low as 1700 L/ 
minute at idle to as high as 9200 L/minute at full throttle. Choosing an average air flow of 3750 L/minute 
to match the average particulate generation rate of 65i6 mg/minute, yields an average expected concen¬ 
tration of 17.5 mg/m 3 . The proposed high DEE concentration of ID mg/nx 3 should therefore be achievable 
with up to a> twofold dilution ofi the emissions, if the engine particulate emissions are too low, simple 
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adjustments to the fuel pump can be made to Increase them, however fuel pump adjustments alto affect 
the gaseous emissions. 


i 


i 

1 

i 

1 

J 


(2); N£t x: Of greater concern!than the possibility of Insufficient particulate 
emissions may be the concentrations erf NO x produced by the engine. The engine may produce average 
concentrations up to 1*2 g/mile. For NO, the principle oxide expected, 1 ppm is equivalent to 1,2 mg/m 3 . 
Applying the same air flow considerations as above suggests that possiblfe average NO concentrations could 
be as high as 87.6 ppm in undiluted exhaust. This possibility Is of concern because the expected dilution 
will only be a factor of two, resulting in NO concentrations potentially averaging 44 ppm. The threshold limit 
value (TLV) for NO is only 25 ppm. Ifithe target diesel particulate concentrations are reduced, there wiH be 
a corresponding reduction in the NO concentrations; Hbwever, the potential for hlgfoNO concentrations 
must be considered in the study design. 

f. Control and> Characterization of the DEE Ira the Exposure Units. The exposure 
concentration will be expressed as the average concentration recorded over each ERA cycle of the engine* 
approximately every. 23 minutes. Adjustments to the exposure concentration will be achieved!primarily by 
adjusting dilution alr flow rates. Mass concentrations erf DEE Imthe exposure units will be monitored with 
a taperedi element oscillating mkirobalance (TEOMt Rupprecht & Patashnlck Co.-* Inc.; Albany* NY) mass 
monitor and the particle size distribution wilt be determined with a combination of optical counting devices 
and cascade impactors, as described in Section IV.C.Lb.' Other components of DEE will be measured as 
described in Section lY.C.I.a. 

C. CHARACTERIZATION AND CONTROL OF EXPOSURE SYSTEM' 

In this proposal BNW has taken the approach that the purpose of chemicaUspecific measurements 
is not to exhaustively characterize the chemical composition or physicochemical (behavior of DEE or RASS. 
Rather, the basic approach is to characterize these two very complex mixtures,, via the quantitation of 
judiciously selected marker compounds, such that the composition of the exposure atmospheres can be 
meaningfully compared to similar studies. The measurements summarized in Table IV-4 represent a limited 
set of chemical and [physical parameters commonly measured to characterize ETS and diesel exhaust The 
compositions of the vapor and particulate phases will be characterized by analyzing compounds that are 
predominantly present in each phase. . In addition* the chemical I composition of the exposure atmospheres, 
in terms of both tobacco-specific products and general combustion products, will be performed. ThB list 
of analyzed [compounds also Includes several that are suspected to be the more toxic compounds present 
in DEE and RASS. 

While the proposed chemical-specific characterization of the exposure atmosphere is more extensive 
than that for some previous studies, this characterization is necessary to allow comparison with previous 
and future studies and help explain toxicological effects. It is BMW's goal to characterize the exposure 
atmosphere to meet these updated standards in the current! literature. For example, ,In the case of aromatic 
amines, PAHs and nltrorPAHS, BNW has expanded the number of specific compounds determined beyond 
those normally measured as marker compounds. This Is expected to involve only a modest Increase In cost, 
while yielding a significant increase ini useful information. However, if prestart method development or the 
subchronic study results show this is not the case, then the number of analytes determined for these classes 
of compounds will be reduced. Similarly, BNW wOl also attempt to maximize opportunities to indudfe new 
measurements that provide significant information about the exposure atmospheres. 

In addition to measurements to characterize the chemical composition of the exposure atmosphere, 
several measurements will be made with the additional purpose of; maintaining control of the exposure 
atmosphere concentration. The concentration erf the aerosol wfll be- controlled primarily by frequent* 
nonchemical-specific measurements oCTPM, An on-line, chemical-specific measurement of CO will also be 
performed. Tihe on-line CO measurements will provide the exposure operator withiinformation needed to 
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control the exposure concentrations, Furthermore, It Is essential that the animals are not exposed to 
excessive CO levels. 


TABLE IV*4» Chemtcal-Speclfic Characterization of the Exposure Atmospheres 


i\ Measurement; 

Method 

m 

K93E9HI 

|iTPM 

Gravimetric 

Daily 

DEE. RASS 

juV/IiRM 


2-3/week 

^dee. rass 

l°° 

Nondfspersive infrared 

Continuously 

IDEE, RASS. FA 

Bco, _ 

Nondisperslvs Infrarad; 

VSBBM ■ 

DEE, RASS 


GC/MS 


RASS. FA 

liNO/NO. 

Chemihimihescenoe 

Weekly 

DEE, RASS 

I Trace acids 

Ion chromatography 

Quarterly 

DEE. RASS 

R Aldehydes 

HPLC 

Monthly 

DEE. RASS. FA 

Solaneaol 

HPLC 

Monthly- 

RASS 

Benzene, isoprene; 1 [ 3-butadiene 

GC/MS 

Monthly 

DEE, RASS 

Nitrosaminos 

HRLC/TEA 

Quarterly 

DEE. RASS 

Catochol and other phenols 

HPLC 

Monthly 

DEE, RASS 

Selected PAHs 

GC/MS 

Monthly 


mro-PAm 

HRLC/TEA 

Monthly’ 

DEE, RASS. FA 

Aniline, 2-amInonaptbalene and 4-aminobiphany< 

GC/MS 

Monthly 

RASS 

Heavy, metals 

ICP-MS 

Every 6 months 

DEE, RASS. FA 

Sulfur dioxide 

UV-fluore sconce 

Monthly 

DEE FA 

Total hydrocarbons 

!rd 

Monthly 

DEE 


KEY: CO a Carbon monoxide; CC^ * Carbon dioxide; DEE « Oiaaaf angina exhaust; FA * Filtered air; FIO « Rama ionization 
detector; GC * Gat chromatography; HPLC -High-performance liquid chromatography; ICR • Inductivaty coupled plasma; MS * 
Massspectroscopy;PAH I* Polycydlc aromatic hydrocarbons; PM - Particulate matter; BASS - Room-agad aidaatraam cigaratte 
smoka; TEA - TharmaJ anargy analyzer; TPM - Total particulate matter, UV - Uttravioiat 


The relationship between TPM, ultraviolet particulate matter (LhAPM); and other frequently deter¬ 
mined parameters will be analyzed for trends as the data are obtained. Changes In the relationship between 
these parameters may Indicate that changes are occurring In test atmosphere composition as a result of 
changes in the generation or delivery systems. The appropriate corrections will then be made to ensure 
proper control of exposure atmosphere composition and concentration] 

It Methods 

a. Chemical Characterization of RASS and DEE Test Articles 

(1) TPM^and UV-PM . TPM, which includes total solid and liquid aerosols, is 
the primary controlling, parameter for RASS and DEE exposures. BNW anticipates that the proposed 
generation techniques will result In a TPM!particle size for the BASS and DEE exposures that w8l consist 
primarily of respirable, suspended particles. 
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Duplicate filters will be collected at 0J> L/minute at selected nose ports of each exposure unit for 
the full exposure period (6 hours plus Tqq); After fitters are eqplibrated! to a constant temperature and 
humidity, they will be weighed !on a calibrated microbalance. TPM wil be defined as the weight increase 
of the standard glass fiber Cambridge filter (Guerin eta!., 1992) following sample collection: 
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The UV-PM assay Is. a method designed to selectively determine the concentration of aromatic 
compounds on respirable suspended partidbs In samples originatlngfrom EFS. and Is designed to be used! 
in tandem with gravimetric TPM measurements. The UV-PM assay Involves collecting particles on-filters, 
extracting the filters with; methanol, and analyzing the solution spectrophotometrically for UV light absor¬ 
bance at 325 nm. Standards are either prepared from gravimetric samples of RASS or DEE, or from a. 
surrogate standard)material: 

The UV-PM assay has two purposes In these studies: 1) determining the extinction coefficient of 
the generated BASS and DEE will provide information on the chemical natureof the generated! aerosols. 
The UV-PM concentration Is believed to be proportional to the concentration of single- and multkingi 
aromatic compounds present In the aerosol; These aromatic compounds, im addition to azo* and poly¬ 
unsaturated compounds, are known to absorb strongly at UV wavelengths, 2) The UV-F>M assay enables 
quantification i of filter samples containing RASS and DEE below the limit of quantitation of the gravimetric 
assay,. The UV/PM'assay can be validated against gravimetric analysis of TPM samples that can be 
accurately weighed. 

Sampling . Since the collection medium and sample size can both influence the UV-PM assay and 
gravimetric TPM measurements, the filter medium must trap a high percentage of particles and allow 
determination of a stable;.accurate weight. in-additibn, It mustalso give reproducible, efficient recovery of 
the sample in the solvent for an accurate UV-PM determination. Because RASS and DEE samples may 
contain particles composed of semivolatile compounds, large sample columns may result In partial evapora¬ 
tion and produce results that underestimate the TPM1 To avoid these errors, experiments Involving different 
sampling times and volumes will be performed during the method development phase to validate the UV-PM 
assay method; Short-term samples of RASS and DEE will be collected using the TEOM monitor to observe 
the mass lost by evaporation of volatile materials. If a consistent and predictable loss is observed, the TPM 
filter samples can.be corrected for tills loss. 

The estimated extinction coefficient for PM Is 0.0060 to 0.0063 absorbance units (AU)ml///g (Rando 
et al;, 1992). DEE is expected to have a similar or higher extinction coefficient due to Its relatively high 
concentration of polycyclic aromatic compounds.. Given these extinction coefficients, samples containing 
as little as 3 jig should permit accurate analyses. 

Samples will be collected on 0.2-/invpore-diameter Teflon membrane filters (Eluoropore PALP 02500; 
Millipore Corporation, Bedford, MA) from one port of each exposure unit at a flbw rate of -0.5 L/minute for 
up to 6 hours: This will!allow more than adequate sensitivity for UV-PM measurements at the expected 
concentrations. Gravimetric calibration samples will be obtained from -the distribution line at flows of 0;5 to 
2 L/minute to trap sufficient TPM to allow an accurate mass:determination. 

Analytical Methodology . The analytical procedure described below is based on tbe work of Conner 
et al. (1990), who found the method to give good collection efficiency, low breakthrough,, and little or no 
sample evaporation-for sample volumes up to -240 L 

Filters will be conditioned at ~22°C and 60% RH before and after weighing with a microbalance to 
obtain the tare and final masses. Sample filters will be placed In dean, labeled, ~24i-ml glass bottles with 
Teflon-lined caps. The samples will be extracted by adding 2.0 to 20.0 ml of methanol; followed by 30 min¬ 
utes of orbital shaking. Tests will be performed during methods development to ensure complete extraction! 
is achieved using this technique. Approximately —1.5 ml of extract wHI be transferred to labeled automatic 
liquid sample (ALS) vialfc and analyzediby flow Injection analysis with a HPLC UV/visible detector. 

Calibration will i be accomplished by weighing filter samples collected from the distribution lines of 
either the RASS or DEE exposure systems. These samples, with a known mass of TPM, wii be extracted: 
and serial dilution of the extracts will be made. Using ithese as standards, a calibration-curve of peak area 
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(from flow Injection analysis) versus concentration (microgram/millfllter) will be prepared and used to analyze 
samples taken fronrvthe exposure units. 

Standards and samples will be analyzed usingflow-lnjection analysis with automated sample analysis 
and computerized calibration curves. The flbw-ki] action analysis parameters are’described in Table (V~5 j 
A nalysis time Is estimated to be less than 30 seconds/sample or standard. 


TABLE IV*5. FlPw-lnjection Analysis Parameters for UV Particulate Matter 


Detector 

ABI765A .ultraviotet/visible 

Autosampler 

Hewlett-Packard (HP)-IOSO 

i Data Acquisition Hardware 

Gateway 2000 

| Data Acquisition Software 

HP high-performance liquid chromatography chem- I 
station (DOS Series), version A01-03 

Buffer Column 

-300 cm; 0.2 mm stainless steel 

: MobBe Phase 

100% methanol 1 

' Injection Volume 

100 pi 

Row Rate 

1 ml/mlhute 

Analytical Wavelength 

325 nm 

Calibration! 

External calibration method 


In addition, the molar extinction coefficient fori PASS and DEE TPM will be evaluated. The absor¬ 
bance of filter extracts containing known amounts of TPM will be measured at 325 nm using conventional 
spectrophotometry; 

The results of samples; collected! and analyzed for TPM by UV absorbance will be reported! in 
micrograms/mOlifiter. UV-PM results will be multiplied I by the total extraction volume to obtain micrograms/ 
sample. This will be divided by the volume of the exposure atmosphere sampled to obtain TPM concentra¬ 
tions in milligrams/cubic meter. Results obtained: by UV-PM wfll be compared to the TPM! concentration 
determined by weighing Cambridge filter pads and the results from the TEOM monitor. 

(2) Carbon Monoxide (COL Carbon monoxide Is a commonly recognized toxin 
that is’lfethaliat very high concentrations and contributes to cardiovascular and other health effects with 
prolonged exposure. Popular U.S. commercial l filter-tipped cigarettes deliver approximately 15 mg of CO 
in mainstream smoke and an additional 50 mg in sidestream smoke (Guerinet al, 1992); Carbon monoxide 
emission in DEE from lightKiuty trucks has been found to be about 1270: mg/mile (International Agency for 
Research on Cancer (IARC], 1989). 

AnalyticaljMethodology . BMW proposes using a Horiba CO monitor (Model 350rE, Horiba Instru¬ 
ments, Inc.; Irvine; CA),,which is designed for reliable, continuous, unattended measurements of CO. The 
Model 350-E employs nondispersive infrared absorption^ determine the presence of CO. This instrument 
exceeds ail performance specifications made by EPA and the European Environmental Testing Agency. The i 
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output of the CO monitors will be interlaced to the main data acquisition and control system by a dedicated 
computer running proprietary software developed!by BNW,. 

The Horiba Model 350-E has a lower limit of detection of 0-06 ppm for CO and electronic noise 
within 0.03 ppm; The instrument has a very high specificity for CO; the only reported: interference being 
water (—0:4 ppm CO at 100% RH). BNW wlillmaintain the exposure atmosphere at* -60% RHi thus there 
will not be significant interference resulting from the presence of water vapor in the system. The working 
range of the Horiba Model 350-E is 0 to 100 ppm CO, which BNW anticipates will be adequate, 

Because the mass concentration of DEE Is continually, changing as the engine Is cycled, one CO 
monitor wBI be required to measure the CO concentration In the DEE exposure unit pair. This CO monitor 
will report the average CO concentration during the 23-minute engine cycle. A secondiCO monitor will be 
multiplexed to measure the CO concentration in each RASS exposure unit pair, the filtered-air unit pair, and 
the RASS aging room. 

The monitors will be calibrated against commercially certified CO gas standards. The calibration 
will be verified during,routine operations by measuring an on-line gas standard containing a known concern 
tration of CO. 


(3); Carbon Dioxide (CCU Determination . Carbon dioxide, produced by the 
combustion process, ts a major constituent of ETS (Greyson, 1990) and DEE (IARC, 1989): 

Analytical Methodology , BNW proposes using a Horiba Modfel VIA-510 monitor, which is designed 
for reliable, continuous, unattended measurements of CO^ This model employs nondispersive infrared 
absorption and is highly specific for CO^ 

The Horiba Model VlA-510 has a lower limit of detection of-2 ppm for CO^ BNW estimates that 
the lowest concentration of C0 2 to be measured will be -15 ppm over the ambient concentration of 
330 ppm. Thus the instrument wBI have acceptable sensitivity for this study. The VIA-510 detector has the 
unique capability of measuring sample gases containing particularly high levels of interfering substances. 
The working range of the Model VIA-510 is 0 to 100% C0 2 , although it is also equipped (with specific ranges 
to improve sensitivity andlaccuracy. 

The monitori wBI be calibrated monthly using certified standard gases encompassingithe expected! 
concentration range; A certified standard erf C0 2 in nitrogen will be sampled prior to routine measurements 
to determine detector, drift 


(4)i Nlcotine/3-EthenvlDvridine . Nicotine and its pyrolysis product, 3-ethenyi- 

pyridine, have been widely used las markers for ETS in the assessment of indoor air quality. ETS Is the 
major source for these compounds in indoor air, which makes them selective markers for concentrations 
of vapor-phase components of ETS. Unlike nicotine, the fate of 3-ethenyi pyridine has been shown to closely 
mimic that of other voiatBe organic compounds produced from tobacco smoke; (Eatough et aJ., 1989; 
Heavner el at., 1992; Nelsontet at, 1992). Thus, monitoring 3^thenylpyriaine co^ provide 

a marker for the concentration of volatile components of RASS. 

Research on tobacco smoke usually includes measurements of nicotine, andiconsiderable dataare 
available on the relation between smoke composition and nicotine concentrations. Nicotine in ETS is 
predominantly present in the vapor phase as the free base: Recent studies have shown that nicotine In ithe 
vapor phase is rapidly depleted from the fieldlenvironmenti as welt as from test atmospheres, due to surface 
adsorption (Guerin et al.. 1992), leading many researchers ^question the usefulness of using nicotine as 
a marker for vo&tlb organics in ETS. However, monitoring nicotine concentrations will serve to relate the 
proposed study to previous research; 
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Sampling XAD-4 sorbent tubes (high-surface-area styrene-dMnyibenzene copolymer resin) iwW be 
usedito collect both nicotine and!3-ethenylpyridine from the RASS exposure atmospheres. Exposure atmo¬ 
sphere samples will be drawn through the sampling tubesfor 10 minutes each at a flow rate of -0.25 L/min- 
ute. For RASS exposures ranging from I to 10 pg/li, the expected amount of nicotine collected wfil range 
from 250 to 2500 ng; the amount of 3-ethenyipyridinels expected to range from 25 to 250 ng. 

Analyticali Methodology . Loss of nicotine Is frequently observed on the walls of sample containers 
and sample manipulation accessories used in collection and I analysis procedures. To minimize this;adsorp¬ 
tion, a strong base (triethytemine) will be added) to the extraction solvent to preferentially react with the 
acidic sites on the glassware (Ogden et al., 1989). A. variety of studies have been: performed with 
triethyiamine-spiked extraction solvent, showing good! extraction efficiency for 3^etbenyipyridir>e. After 
collection; each bed of the sample tubes will bedesortoedwithfLO ml of 0.01% triethylamine in ethylacetate. 
The ethylacetate solution will contain 1000 ng/ml nicotine (methyl~D3) and 100 ng/mli 3-ethenvrtpyridine 
(ethenyf-G>3) as isotopically labeled internal standards. 

The samples will be analyzed by GC/MS using an HP-5971 MSD system operated In the selected! 
ion monitoring mode. The Instrument wW be calibrated against geometrically prepared standards of 
nicotine and 3-ethenyipyridine. Standards wll be freshly prepared for each analysis set. A 5% diphenyl to 
95% dimethyl polysiloxane capillary column will be used for chromatographic separation^ 

Samples will be collected twice each week for nicotine and 3-ethenylpyridine! determinations. 
Samples will be collected shortly after the start of exposure and again shortly before the end of exposure 
from each of the three concentrations of RASS test atmospheres, as well as from the filtered-air atmosphere. 
The sample tubes from both days of sampling wfll be saved and analyzed as one set withlnthe week of 
collection; the tubes will be capped and) kept at ~5°C unti analysis. 

The XAD-4 sample tubes contain two separate beds of sorbent During exposure generation testing, 
exposure atmosphere samples wifi I be collected and both beds will be analyzed for nicotine and 3-ethenyl¬ 
pyridine. The collection efficiency will be assessed for these compounds by comparing breakthrough from 
the initial sorbent bed to the backup sorbent bed. BNW expects >95% collection efficiency using the XAD<4 
sample tubes. Aftemath/e collection media w3IE be Investigated if significant breakthrough is encountered! 

For samples collected for exposure assessment, the sorbent beds will i be desorbed and analyzed 
within 5 days after sample collection. During generation testing, analyses will be performed to assure that 
degradation of the analytes does not occur on the sorbent bed prior to desorbtlom. Duplicate sorbent tubes 
will be collected from each of the RASS exposure units. One set ofitubes wfd be Immediately desorbed and 
analyzed, while the duplicate will be capped and stored for 1 week before being desorbed and analyzed] 
If significant degradation & noted, the sample tubes wSUbe desorbed and anaiyzed immediately after sample 
collection for exposure assessment 

During: method validation, standards wit be prepared with and without XA&4 sorbent to assess 
analytical interferences and sample loss arising from the sorbent material. 

(5) Nitrogen Oxides and Trace Acids . The oxides of nitrogen: (NO x ), are 
principally formed by the combustion of nitrogen-containing i constituents of fuete and by the high-tempera¬ 
ture oxidation of nitrogen. Nitrogen dioxide (NG 2 ) and nitric oxide (NO) comprise more than 90% of the 
NO x in cigarette smoke (Guerin etal, 1992). It is well established that NO and N0 2 can be used as markers 
for engine exhaust (IARC, 1989). 

Analytical Methodology for NO and NO r BNW proposes the use of the LMA-3 NO z analyzer 
(Scintrex, Ontario. Canada) to measure N0 2 concentrations in RASS and DEE. This analyzer offers sensi¬ 
tive, direct detection of N0 2 based omthe chemiluminescence resulting from N0 2 reaction with an aqpeous 
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luminal solution. Operating this analyzer with an LNC-3 Lumlhox NO converter accessory (Sclntrex, Ontario, 

Canada); will permit sequential detection of N0 2 and NO x (NO z + NO) via the conversion of NO to NO^ 

An additional advantage of this instrument Is Its highly specific response to NO^ The response of 
the analyzer is insensitive to common trace atmospheric gases such as nitric acid, ammonia, sulfur dioxide 
(S0 2 )„ formaldehyde,. C0 2 and CO. The LNC-3 NO converter also possesses operational characteristics that 
permit interference-free measurement of ND^. In contrast, NO x , converters associated with NO chemilumin¬ 
escent analyzers are subject to the positive'interference that: results when other nitrogen-containing trace 
gases are converted to NO; The efficiency of the LNC-3NO converter must, however, be determined at the 
time of i calibration in order to document stable converter performance. The vendor-declared dbtectionfimlt 
of the LMA-3 analyzer is <0;01 ppb NOj. The: response: is linear above -2 ppb. 

The analyzer willtbe calibrated using a certified standard ND^ permeation;tube with a dynamic 
calibrator. Calibration mixtures over the range of concentrations encountered In the test atmospheres will 
be generated by. adding metered amounts of purified' air to the; gas stream used to flush the thermally, 
controlled permeation chamber. A certified gas;mixture of NO 1 in nitrogen will be used to> confirm; the 
efficiency and stability of NO conversion. A certified standardof NO and N0 2 In nitrogen will be sampled 
before exposure atmosphere sampling. 

Anaiytical'Methodoibav for Nitrous Acid (HNQ,,) and Nitric AcldlfHNOj L Periodic measurement of 
the inorganic acids HN0 2 and:HN0 3 is also recommended to fully characterize the test atmospheres. Nitric 
acid is produced from NO x . in the open atmosphere and is an important'contributor to atmospheric acidity. 

Nitric acid has also been measured in both DEE and in ETS, although the concentrations in ETS have been 
reported to be more than an order of magnitude less than;that of HN0 2 ,.the major inorganic acid com¬ 
ponent (Eatough et al., 1989). 

Acidic gases will be collected by passing a metered flow of the test atmosphere through an annular 
denuder. This device collects the analyte of interest on chemically treated walls of concentric glass tubes 
while allowing the passage of potentially interfering aerosol particles. Acidic gas collection is achieved with 
etched surfaces coated with sodium carbonate (f^COg)/glycerine. At the end of the sampling period, the 
collected acids will be removed by extraction and measured as nitrite and nitrate ions by. ion chromatog¬ 
raphy. In addition to minimizing potential interference from particulate nitrate, the proposed sampling 
method also collects SOj, providing an;independent determination of SO^ 

(6) Formaldehyde. Acrolein. andlQther Aldehydes. At least 2Daldehydfes have 
been identified in the vapor phase of cigarette smoke, the most abundant being formaldehyde (3 to 40 pg/ 
cigarette); acetaldehyde (5»9 to 1144 pg/cigarette). propibnaldehyde (2510116 pg/cigarette), andiacroleln 
(11 to 228 pg/cigarette; IARC; 1985); Several of these compounds, especially formaldehyde and acrolein, 
are toxic to cilia. They can inhibftlung clearance after Inhalation. Formaldehyde induces nasal carcinoma 
in;rats (IARC, 1985). These compounds are also the most prevalent aldehydes in DEE (Upari and Swartn, 

1982). The estimated concentrations of these aldehydes in -1 mg/m? TPM RASS and iD mo/ TPM DEE M 
are listed in Table IV-6. O 

PO 

oo 

Because formaldehyde, acrolein, and other aldehydes are reactive and are present at low concentre- 0*> 

tions In the vapor phase of smoke, current sampling practices rely heavily on derivatlzatlon for accurate 
analysis.. The measurement of aldehydes is subject to error asthe result erf Interferences, particularly from 


SamBMOfl- The most common methods of aldehyde analysis involve derivatlzatlon • with 2,4- 
dinitrophenylhydrazine (DNPH). Samples aregenerafly collected In glass impingers containing a solvent and 
the derivatizing agent To Increase sample throughput and avoid problems with DNPH [contamination, BNW 
proposes sample collection usirtg DNPH-coated silica cartridges (Sep-Pak Silica* DNPH cartridges; Waters, 
Milford, MA),.incorporating an ozone scrubbertoreduce ozone interferences observed with solid-phase sanv 
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pijng. Samples wffl be collected from a nose port erf each exposure unit at a flow rate of ~0>25 L/mlnute 
for up to 6 hours, if needed, which wHI allow more than adequate sensitivity at the expected concentrations. 


TABLE f\M>. Aldehyde Concentrations In Boom-Aged Sidestream Cigarette Smoke (RASS) andiln Diesel 
Engine Exhaust (DEE) 


Compound 

Approximate Concentration 

In RASS (pg/L)i 

Approximate Concentration 
of DEE (ppm) 

Formaldehyde 

0.05 to 0.5 

0.25 

Acrolein 

0.08 to 0.3 

0.05 

Acetaidehydb 

0.5 

0.05 

Propionaidehyde 

0:05 

0.03 


To avoldicontamihation^unopened sample pouches will be stored lat ~3°C untB ready for use. Since 
background levels of hydrazone derivatives increase slightly with time and temperature, cartridges stored 
at room temperature in sealed pouches for periods over 1 week wfll be tested prior to use. 

Analytical Methodology: Samples wBI be collected directly on DNPH^coated silica sample tubes. 
Immediately after sample collection, tubes will be capped tightly and placed in a labeled sample pouch. The 
samples will be extracted with Internal standard (cyclohexanone): in 1 ml of acetonitrfle over 1 minute, 
followed by 3 ml!of acetonitrile over 1 minute Into a 5-mli volumetric flask. The extract wSi be diluted to a 
final volume of 5 ml. After diluting ito volume, the samples will be mixed and ~1.5 ml wHI be transferred to 
labeled ALS vials and analyzed by, HPLC (Table IV-7). 

The accuracy of the solid-phase sample tubes and Incorporated ozone scrubber wBI be verified 
using the impinger method before the start of the study. Glass Impingers containing acetonitrle and DNPH 
will also be used to collectthe aldehydes. The impingers wBI be prepared the same day the sample analysis 
Is to take place: AH stock solutions erf DNPH will be kept Isolated and: under vacuum untX the day of 
analysis. Once knpingers are preparedj they will be kept capped unti immediately prior to sampling. Caps 
wBI be replaced immediately after sampling. A known volume erf internal standard wBI be added to each 
Impinger after sampling. The Impingers wil then be mixed!well and! -1..5 ml wBI be transferred to labeled 
ALS vials and analyzed by HPLC (Table IV-7). 

Validation and recovery of both the solid-phase sample tubes and the impinger methods will be 
accomplished by spiking the sample devices with known concentrations of the aldehydes. Standards wBI 
be prepared with the same Internal standard to be used in sampling. The range of standard concentrations 
bracket the aldehyde concentrations expected in samples fori both RASS and DEE. 

Initial sample analysis of BASS cartridge or ImpingBr samples wBI be used to screen the samples 
for the presence of other aldehydes. These results wBI allow a general characterization of aldehydes and 
ketones present inithe RASS and DIEE. 

(7) Solanesol l Sotanesol, a hlghorridecular-welght trisesquiterpenoki alcohol, 
Is associated I exclusively with the particulate fraction of ETS. It Is very specific to tobacco smoke and is a 
reliable tracer for respirable suspended particles attributable to ETS (Qgdfen and Maiolo, 1992). 
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TABLE IV-7. High-Performance liquid Chromatography Analysis Parameters for 2,4-Dinitrophenyihydra- 

zine Derivatives of AJdfehydes 


§ Detector 

ABI 7B5A ultraviolet/Visible H 

| Autosampler 

Hewlett-Packard (HP)-1050 | 

1 Data Acquisition Hardware 

Gateway 2000 1 

Data Acquisition Software 

HP High-performance liquid chromatography chem- B 

station: (DOS Series), version A:01.03 1 

Analytical Column 

Nova Pak CIS, 3.9 mm x 150 mm; Part #86344 | 

Mobile Phase 

65% ultra-pure water; 30% acetonitrile; 5% tetrahydro- 
furan (uninhibited) 

Injection Volume 

10pt 

Flow Rate 

1.5 ml/mlnute 

Analytical Wavelength 

360 nm 

Internal Standard 

Cyclohexanone; 99j8% (Aldrich; Catalog #C10,218-0) 

Formaldehyde Standard 

ACS Reagent; 37 wt% (Aldrich;;Catalog #25254-9); 
RetentionTlme (RT) * -3.2 minutes 

1 Acrolein Standard 

97% (Aldrich; Catalog #11022-1 ),;;RT * -6.0 minutes 

R Acetaldehyde Standard 

99% (Aldrich; Catalog #11007-8); RT * -4.2 minutes 

R Propionakfehyde Standard 

97% (Aldrich; Catalog #P5145-1); RT: = -6.7 minutes R 

| 2,4-Dinitropbenylhydrazir>e 

70% (Aldrich; Catalog, #D19930-3) f 


Sdanesol Is the most abundant terpenoid and acyclic Isoprenold found In the lipid fraction of 
tobaccoi Ifcoprenoids are present In neutral subtractions oft tobacco smoke condensate that have beem 
reported as carcinogenic and tumor-promoting on mouse skin. Pyrolysis of tobacco extract, highly enriched 
with solanesoi and its esters gave rise to the highest amounts of PAHs determined of any tobacco extract 
fractions or subtractions (IARC, 1985). 

Sampling . Samples wll be collected on 0.2-j;m-pore-dlameter membrane fitters (FlUoropore FGLP 
02500, MiDipore Corp., Bedford, MA) from each exposure unit at a flow rate of> -1 to 4 L/minute for up to> 
6 hours. This should allow adequate sensitivity at the expected concentrations. The estimated concen¬ 
tration levels of solanesol In ~1 /jg/LTPMRASS Is -0.05 /ig/L 

Analytical Methodology. Recently Ogden and Maiolo (1992) compared GO and HPLC methodolo¬ 
gies to determine solaneso! in ETS. The GC procedure requires derivatization and manual on-column 
injection using a fused silica needle. The GC procedure was labor intensive and sample workup was 
inconsistent with companion analysis of the filter extracts for particulate; matter by UV absorbance or 
fluorescence. 

The HPLC method requires detection at 205 nm with a mobfle phase of 95%:5% aceto- 
nftriteimethanol to achieve adequate baselihe stabSity. Using a 100-pfi injection volume provided anHPLC 
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detection limit comparable to that of GC. The HPliC sample workup was simpler and provided an extract | 

that was compatible with determining UV and fluorescent particulate matter. On the basis of theselnvestlga- ^ 

lions, BMW plans to Implement the HPLC methods described by Ogden and Malolo (1992) to determine 
soianesot content of the RASS particulate mater. 

Filter samples will be placed In dean glass -70 ml bottles Immediately after collection. The samples 
will be extracted! by adding -3 ml of methanol, followed by sonlcatlon for 3D minutes. Approximately. 

~1.5 ml of extract will be transferred to labeled ALS vlalfc andianalyzed by HPILC as Indicated In Table IV-8. 


TABLE IV-8. Proposed High-Performance Liquid Chromatography Parameters for Solanesol Analysis 


Detector 

AB1785A ultraviolet/visible | 

Autosampler 

Hewlett-Packard (HP)-H050 I 

Data Acqulsftlbn Hardware 

Gateway 2000 | 

: Data Acqultlon Software 

HP High-performance liquid chromatography chem- 8 
station (DOS Series), version A.01.03 1 

I Analytical Column 

C8,5 pm, 25 cm x 4.6 mm (Astecjnc.; Whlppany„NJ) 

1 Mobile Phase 

95% acetonitrile; 5% methanol 

H Injection Volume; 

too pH 

Flow Rate 

j 1.2 ml/mlnute 

Analytical Wavelength 

205 nmi 

Calibration 

External calibration method 

| Solanesol Standard 

90+% (Sigma; Catalog #S8754): Retention Tlme*= 

-9.1 minutes 


Validation and recovery ofi the solanesol sampling method will be accomplished by spiking the 
sample device with known ooncentratlonsof solanesol standards. The standards wilt be prepared gravil 
metrically and spiked onto the same filter medium as the samples. Standards will then be extracted as 
above. The range of standards will bracket the solanesol concentrations expected In RASS; 

The most serious drawback to HPLC analysis of solanesol Is the teck of a solanesol chromophore. 
ttwas found thatUV detection Is possible only at 205 nm, where nearly aJUorganic compounds absorb. By INJ. 

using acetonitrile as the mobile phase, however, baseline stability can be achieved, it was also found that SP 

a UV detector with a 1 deuterium lamp was -50 times more sensitive at 205 nm than a UV detector with a (,>j 
xenon Ihmp. Chromatographic parameters wHIlbe modified to achieve the best possible detection and ov 
separation of solanesol. Using this method, Ogdemand Malolo (1992) indicated a detection limit of 0,02 pg F2 
with recovery of -90%. 

00 

(Q) Benzene. lsoDrepe^_1.3«ButadJene . The compound 1,3-foutadlene has been 
shown to be a carcinogen In rats and mice (Htaff eta)}, 1985). Benzene Is a recognized!human carcinogen 
(IARC, 1989), and Isoprene is currently undergoing carcinogenicity testing In rodents. It has been suggested 
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that Isoprene might beutilized as a tobacco smoke tracer for unsaturated aliphatic hydrocarbons (Lafonh 
etal.,, 1989). 

This procedure Is specifically designed to quantify 1,3-butadiene, isoprene, and benzene at concen- 
tratlons of -0.01-0.3 pg/ti using a GC/MS analysis method. For a RASS concentration of Ipg TPM/1,, 
these compounds are expected to be present at approximately the following concentrations: 113-butadiene^. 
—0.03 pg/L;; ISoprene, -0.15 pg/L; and benzene, -0.04 pg/L. 

Sampllna . BNW'proposes to useORBO-32 charcoali sampling tubes (Supeico, Bellefonte, PA) for 
collecting RASS samples: BMW has extensively characterised the precision, accuracy, recovery, and break¬ 
through of isoprene collected, and has found them to be exceptionally well suited to this task. BNW 
anticipates that'these tubes will) also be suitable for collecting benzene and 1,3-butadlene. 

Before the start of the study, breakthrough wM be determined by preparing semi-quantitatlve gas. 
bag standards of the components of Interest The gas bag (standard preparations will contain approximately 
the same; totall amount of these compounds ithat will I be collected from the RASS exposure. Breakthrough 
will bemeasured by comparing [the amount of the compound found In the secondary bed of the sample 
tube to that found in the primary bed.. 

Analytical Methodology. BNW proposes using an HP-5690 gas chromatograph equipped with an 
HP-59.71! MSD to analyze tube extracts. AJ&W0B-1 capillary column (or equivalent) will provide separation 
of the benzene, Isoprene, and 1,3-butadlene. Using this system, the limit of quantitation for these com¬ 
pounds Is expected to be -5 to 50 pg/pf. 

Validation; and recovery of the sampling method wOl be accomplished i by spiking the sampling 
device wlthiknown concentrations of benzene, isoprene, and 1,3-butadiene. Standards of these chemicals 
will be prepared in the concentration range expected In the RASS samples. An Internal standard will be 
usedlto cDmpensatBifor variation in injection volume. These standards will be prepared with and without 
the charcoali bed from aniORBO-32 sampling tube. Linearity, recovery, precision, and accuracy will be 
determinedfromithese standards. 


During prestart' testing. BNW will also collect samples from the distribution line and'from one port 
of the exposure unit to characterize background levels of these compounds before tobacco smoke Is Intro- 
duced into the exposure system, Samples wtllibe analyzed by. acquisition of the full mass spectrum and 
a library search will be conducted on the mass spectrum from all major peaks. These measures will allow 
BNW to determine whether any other compounds identified i by the library search need to be Investigated 
further or be Included in the analysis procedure for the chronic study. 


(9) Nltrosamines . N-nitrosamines are of particular Interest because they are 
quite biologically active. Tobacco smoking Is the only knowmsource for nltrosamines In nonoccupatlonal 
Indoor air, where they are found In significantly greater amounts hi sidestream smoke than In mainstream 
smoke (Guerin etal., 1992). The major tobacco-specific nltrosamines are generally recognized as NNN and) 
NNK, which orlglnatBifrom nicotine (Brurmemann etal., 1992; Hecht etal., 1992; Hoffmamand Hecht, 1985). 

Sidestream smoke also contains several volatile nltrosamines. N-nltrosodlmethylamihe (DMNA), N- 
nltrosodlethyfamlne (DENA)t and N-nftrosopyrroUdlne (NPYR) are the volatile nltrosamlhes formed In the 
greatest amounts and are typically selected for routine quantitative measurements (Brunnemannet all, I960; 
Guerin et al., 1992). The volatile nltrosamines can originate from protein pyrolysis, as well as from other 
processes, resulting in their presence In a wide variety, of consumer products. They, are also present at 
detectable quantities In ambient air (Brunnemannet all, 1980; GuBrin etal.,,1992; IARC, 1985): Nltrosamines 
have also been reported in diesel engine crankcase emissions (Goff et al., 1980). 
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The procedure implemented by BNW will be designed to quantify NNN, NNK, DENA; DMNA, and 
NPYR at concentrations of ~5 to 50 ng/m 3 . For a RASS concentration of 1 mg/ 3 , these compounds are 
expected to be present at approximatelythe following concentrations: NNN, -10 ng/m 3 ; NNK, -20 ng/m 3 ; 
BMNA; -20 ng/m 3 ; and NPYR. -10 ng/m 3 . 

Sampling ] Nitrosatlon of amines occurs rapidly in the presence of NO x . To accurately quantify the 
concentration of a nitrosamine; nitrosatlon mustbe prevented within;the collection medium during and after 
sampling. Initially, BNW w8l collect nitrosamines on potassfum-blsulfate-treated Cambridge filters 
(Brunnemannetal., 1992) to gain sensitivity and possibly rediice sample-preparation time. Another common 
method to block nitrosatlon involves collecting the sample in a glass bubbler or implnger, tube containing; 
an ascorbic acid solution buffered at an approximate pH of 4 to 4.5 (Brunnemann et-al.. 1992)t BNW Intends 
to use this sample-collection method as an alternative if problemsare encountered with collection on fitters. 

Analytical Methodology . BNW proposes to procure a thermal energy analyzer (TEA; Thermedics, 
Model 502, Woburn; MA)i which can be coupled to either GC or HPLC for detection! The TEA detector is 
highly selective for nitrosamines and the sensitivity is expected to be -50 to 150 pg; 

Although recentiy published methods indicate good results can be obtained for determining tobacco- 
specific nitrosamines using GC with thermal desorption (Bnannemann et ah, 1992), BNW- prefers using a 
narrow-bore HPLC for our initial attempts because of our previous experience with NNK analysis by HPLC; 
This approach avoids problems that may result from decomposition In the heated zones of the GC or 
thermal desorben In the event that adequate performance cannot be achieved with HPLC, BNW wfll 
implement the thermal!desorptlon/GC methodiof Brunnemann et aJ. (1992). 

BNW will evaluate the collection efficiency of potassium-bisulfate-treated Cambridge filters for 
nitrosamines during iprestart testing. A filter wHI be spiked Iwiih known concentrations of the target nftrosam- 
ines listed above. Air will then be drawn through the filter In the same manner the samples are collected 
from the exposure system. These filter samples wQI then be analyzed I for recovery, precision, and accuracy 
relative to gravimetrically prepared standards. If BNW demonstrates sufficient collection efficiency of these 
treated filters, samples will be collected from the distribution - line using both treated filters and bubblers 
containing a buffered solution)of ascorbic acid. This fetter method of collection has been shown to block 
nitrosatlon of amines and thus provide a reference point for the treated-filter method. 

A nontobacco-related nitrosamihe will be used as an internal I standard to correct for preparation 
errors. Another internal standard! will be added after sample preparation to compensate for variations In 
injection volume and detector response. 

(ID) Catechol and Other Phenols . Over 200 semlvolatae phenols have been 
Identified in cigarette smoke,,including various polyphenols (IARC, 1985). The more prevalent phenols and 
polyphenols found In cigarette smoke are shown in Figure IV-9. Phenol is the most prevalent of these 
compounds in mainstream smoke: The cresolllsomers, xytenols, 2^methoxyphenol, and 4-vinyiguaiacol are 
found at lower concentrations. Catechol is the major hydroxyphenoi identified: In cigarette smoke,, with 
smaller amounts of cresols (three and four feomers), 4-ethyicatechol, and 4-vinyicatechol. The primary 
precursors of volatile phenols and catechols are believed to be glucose, pectins, nitins, polysaccharides and 
polyphenols. 

The method described below allows the determination of hydroqulnone, resorcinol, catechol, phenol, 
m* p-cresol, and o-creosol. Because of their similar chemical characteristics and ability to determine them 
with a common analytical method, BNW proposes to include them in the catechol analyses as described 
below. 
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FIGURE IV-9. Tobacco-Related Phenols and Catechols 


The method described below uses the sensitivity of the fluorescence detector to allow detection of 
low phenol /catechol concentrations. The methodai&o uses time-programmed selection of wavelengths to 
allow increased selectivity for the compounds, of Interest 

The estimated concentrations of catechol and phenol In 11 pg/li of RASS are expected to be 
—0.01 pg/L of each component Hydroquinone, resorcinol, and cresols are expected to be present at 
approximately one-half to one-fifth the concentration of the: phenol. Given these concentrations and an 
analytical limit of quantification of <50 ng, an elution volume of 15 ml; and an injection!volume of 1! ml, a 
minimum tsample size of, -75 L wi be required fromthe 1-pg/L RASS exposure to determine phenol and 
catechol. Typical samples from the exposure units are expected to be -180 L The lower concentrations 
of the substituted! phenols and catechols may prevent accurate determination of these substituted [com¬ 
pounds at the lower concentrations of RASS: 

Sampling . Samples will either be cdtected on Cambridge fSter pads or in solvent-filed impingers 
from a port on each exposure unit at a flow rate of-0.5 l/mihute for up to 6 hours (180 L); allowing more 
than adequate sensitivity at the expected concentrations. 

Analvtlcal Methodblogv . The analytical procedure described i below is based ion the work of Risner 
and! Cash (1990), who found this method i to give good collection efficiency, low breakthrough, and high 
recovery. Samples collected on Cambridge pads wOi be extracted withilS ml of i% aqueous acetic acid. 
Impingers will be prepared using 15 ml of 1% aqueous acetic acidi Sample aliquots wW be transferred to 
ALS vials for analysis. 

Standards will be prepared 1 gravimetrically in aqueous acetic: acid using two gravimetrically 
spared stock solutions and highly pure commercially avalable neat material. Standards and samples wfll 
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be analyzed using HPLC with automated sample analysis (Table IV-9)iand computerized calibration curves. 
Analysis time is estimated! to be ~60 minutes/sampie or standard. 

TABLE IV-©, High-Performance Uquki ! Chromatography Parameters for Phenoi and Catechol Analysis 


| Detectort 

Hewlett-Packard (HP)-1046A programmable fluores¬ 
cence detector 

: Pump 

HP-1050 quaternary 

. 

; Autosampler 

HP-1050 with extended sample loop 

Data Acquisition Hardware 

Gateway 2000 

I Data Acquition Software 

HP Highrperfomsance liquididiirorratography chern- 
station (DOS Series): 

Analytical Column 

4.6 x 250 mm ODS 

Mobile Phase 

Gradient of 100% of 1% aqueous acetic acidito 100% 
of 1% acetic acid in acetonitrile 

Injection Volume 

IOOOjjI 

Row Rate 

1.5 ml/mlnute 

Analytical Wavelength 

Timed program: excitation erf 274 to 304 nm; emis¬ 
sion: 298 to 338 nm 

Calibration 

External calibration method 


Analytical results will be reported in micrograms/liter and as micrograms of compound /micrograms 
of RASS. 


(11) ^ectedPpivcvcIic AromaticHvdrocarbons (PAHsY. Nitropyrene. andNitro- 
Polvcydic Hydrocarbons . PolynudBar aromatic compounds (PACs) are a group of; highly lipophilic chemi¬ 
cals that occur throughout the environment as pollutants, generally at trace levels. PACs arise from the 
combustion of organic matter from a wide variety of sources including DEE and mainstream and sidestream 
cigarette smoke. All dasses of PACs are characterized by the polyaromatlc structure, but the classes of 
from the nonpolar PAHs to more polar dasses possessing functional groups containing oxygen, sdfur, or 
nitrogen; These include aldehyde and carboxylic+substituted PAHs; azarenes, amino-PAH, hydroxyrPAH and 
nitrated-PAH (nitro-PAH). Since the PACs have low vapor pressures, and are generally formed in association 
with ctmnbustion processes that also produce partidbs, they are predominately found adsorbed on particu¬ 
late material. Since a large fraction of the PAG is associated with ultra-fine partides, the partidb-bome PAHs 
are respirable (IARC, 1986). 

At one time diesel exhaust was believed to be carcinogenic because of the presence of PAHs. It 
has subsequently been discovered that diesel particle extract contains over IDO nitro-PAHs (Paputa-Peck 
eta!., 1983). Nakagawa and coworkers (1983) found that the dinitropyrene (DNP);isomers contributed 43% 
of the total mutagenic activity of the crude extracts, whereas 1-nrtropyrene (1-NP) was responsible for less 


IV^30 


! “Use or disclosure of proposal data 
i if subject to the restriction on 
I the Tit tie page of this Proposal ." 1 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


2023685788 





BATTELLE-NORTHWEST 


than 10% of the activity. Thus, although li-NP is the predominate nitro-PAH, measurement ofi1.fr- andil.fr 
DNP would appear to provide a more complete characterization of the nitro-PAH content of BASS and DEE. 

The PAHs and nitro-PAHs selected for analysis are listed in,Table IV-10. Part of the rationale for 
Indtiding benzo[a]pyrene (BaP)i 1-NP, and the DNP isomers was discussed earlier; l.e., the strong biological 
activity of these compounds and the widespread use of 1-NP and BaP as markers. Besides BaP, the other 
specific PAHs in the four- to six-ring size were chosen based on the availability of standards, their biological 
activity, and their inclusion ini several relevant standard reference materials (SRM) available through the 
National Institute of Standards and'Technology. Also, most of the PAHS suspected as carcinogen contain 
four- to six-rings. 


TABLE IV-10. Selected Analytes and Some Standard Reference Materials (SRMs) Containing Polycyclic 
Aromatic Hydrocarbons (PAHs) and Nitrated Polycyclic Aromatic Hydrocarbons (Nitro- 
PAHs) 


Parent PAH 

; Molecular 
Weight 

Stable 

label 

SRM #1650* 
(mg/kg) 

SRM #1491 b 
(mg/ko) 1 

Nitro- 

Derivative (s) 

SUM #1587* 
(mg/kg): 

SfiM^isse 1 * 

(mg/ko) 

Naphthalan# 

! 

128-2 

Aid rich 


10,3 

1 and 2-Nitro 



Biphenyl! 

154.2; 

Aldrich 



4-Nrtro 



Ao© naphthene 

154.2; 

Supetco 


10.89 




Ruorene 

166-2! 

iso tec 


10.87 

Z-Nitro: 

9.67 


Anthracene 

178,2 

Aldrich 

(0.68]! 

11.89 

9-Nrtro 

5.01! 


Phenanthrene 

178,2! 

Aldrich 

|71) 

10.48 




Fluoranthene 

202-3 > 

botec 

51 

8i84 

3-Nitro 

9.24 


Pyrene 

202.3 

tec 

48 

881 i 

1-f6tro 

1,6-Dinttro 

I^Dintro 

8.95 

4.38 

4.82 

8.9 


' 228,3 

bo tec 

6.5 

5.37 

7-NHro 

| 9.27 


Chrysene* 

228-3 

Aldrich 

|22) 

10.5 

6-Nitro 

1 

8.13 


Bonzo(k]ltvxxanthana 

252-2 


[2.1] 1 

B33 




Banro (b]fluoranthene 

25 3L2 


7.85 





Be nzo [a] pyrene 

252.3 

■ ■ 

112 

10.14 

6-NrtnO' 

a.i 1 


| Benzo[ghl)peryier>e 

276.3 

MM 

2.4 

719 


i 1 

1 


*SRM#1650tedi«Mlp*rticutete matter andiconteiftelSimg/kgot 1-«rtfopyr»fte In cddltion to the listed PAH». Value* (n brocket* 
ere uncertified (May d al., 1892). CD 

b SRM#14©1 te aromatic hydrocarbons In hsxans/toluan* (Jt 

'SRM#1587 te nitrated 'PAHs in methenol -J 

'SRM#1596I# dinltropyrana Itomars and 1-nitropyrena in mathytena chloride and alsoicontains 1,3-dlnltropyrana at 8 j 9 mg/kg GO 

v0 


One reason fori including pyrene Is its rote as a precursor to 1-NP and the DNPs. Including 1-NP 
and the DNPs wfll allow the assessment of relative amounts of these compounds and shouldallow determin¬ 
ation of the relative degree of nitration of parent PAH throughout the study. Similarly, .both 7-nitrobenzo[a)- 
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anthracene and &nitrochrysene have been reported fn diesel exhaust (NBbs and Tan, 1989) and are Included 
In SRM #1587; 

While li-NP Is generally regarded!as a marker for partide-bound nitroPAH, 2-nftrofluorene (2-NF) 
has been.advanced as a good choice for a marker of a nltro-PAHthat is present In both the gas and I particle 
phases, Advocates for the use of 24slF In this regard point to the presence of 2-MF as one of the more 
common nhro-PAHs and the fact that 2-NFis a mutagen and a animal 1 carcinogen. Accordingly BMW has 
also included fluorene and 2+NF. 

Several lower-molecular-welght PAHS are included because they are representative of gas-phase 
PAHs and!are present at higher relative concentrations in DEE and PASS than the fourr to six-ring com¬ 
pounds. Some of these lower-molecular-weight' PAHs are of particular interest because an amino derivative 
is biologically active (2^aminonaphthalene and 4-aminobiphenyi). The corresponding nitrocompounds are 
present in diesel exhaust (Campbell I and liee, 1984; Paputa-Peck eta1„ 1983) and could be reduced either> 
chemically or endbgenously to the amino compounds or partially reduced to the nitroso or hydroxyiamino 
derivatives. Tlhese amino compound^ are also reportedly present in sidestream smoke; with the hemoglobin 
adduct of 4-aminopyrene being one of the most useful biomarkers of exposure discovered to date. For 
these reasons, BNW has Included biphenyl, naphthalene, 4-nitrobiphenyf, and 2-nitronaphthalene In the list 
of proposed analytes. 

Although BMW has cited reasoning for expanding the list of PAH and nrtro-PAW analytes, method 
development may show that the difficulty involved In determining one or more of these analytes is too great 
for the purposes of the study In those cases the particular analytes in question twill be dropped after careful 
discussion with the Sponsor. 

PAHs are well known to require care in sampling and sample processing because of their tendency 
to undergo oxidation or photolysis, and it is not uncommon to illuminate laboratory work areas with yellow 
light in an attempt to minimize photolysis. The formation of nhro-PAHs can occur when PAHs are exposed 
to MO x . Thus, formation of nitro+PAH artifacts can occur during sampling, and must be minimized usings 
short sampling times and reduced collection temperatures. BMW wJU carefully assess artifact formation and 
use the measures cited above for sampling^nd sample workup. 

Sampling ] A variety of filter types have been used to collect particulate matter to analyze RASS or 
DEE, including iTefion, Teflon-coated glass4iber filters; and silica-fiber filters. Although glass-fiber filters are 
reported to give much higher yields few low-molecuJar-welght PAHs, the use of a PTFE (pdytetrafluoro- 
ethyiene)ifiiter for aerosols, in conjunction with polyurethane foam or absorbents such as XAD-2 or Tenax 
(for capturing of more volatile compounds) is becoming a> common procedure: (Furton et al.,, 1993) i In view 
of reports that PTFE may have less tendency to promote PAH I degradation (Davis et al., 1987), BNW 
proposes to evaluate a PTFE filter backed with one erf the common, absorbents for sample collection. 
Although polyurethane foam Is not as strong an'absorbent as XAD-2, it is reported that using polyurethane 
foam avoids reactivity problems encountered when PAHs are collected with XAD-2 in an atmosphere 
containing NC> 2 (Undskogiet al.„ 1991). Thus, the first absorbent evaluated (will be polyurethane foam. 

Exposure atmosphere samples will! be drawn through the sampling filters for -300: minutes each 
at a flow rate of -0.5 L/minutej For RASS concentrations ranging from 1!to 10 /jg/L, the expected amount! 
of BaP collected' is estimated to be 1 to 10 ng. In the case of DEE, these sampling parameters should give 
about 250 ng of BaP, 50 rug ofil-NP, and about 0.3 ng ofil.8^ and1,M>NP. 

Sampling will be initiated shortly after, the start of exposure for each of the three concentrations of 
RASS test atmospheres, DEE test atmosphere, and the ffltered-alr exposure atmosphere. After sample 
collection, the filters will be stored lin the dark, In sealed containers at The filter samples will Ibesavedi 
and analyzed as onesetwfthin 4'weeks after collection. Other Investigators have determined that PAHs may 
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be stored at room temperature lb the dark for up to 11B days (Furton et at.,. 1993). BMW will I Independently 
evaluate sample stability. 

During exposure generation! testing,, the collection efficiency will be assessed for BaP and 1-NP 
compounds by comparing breakthrough from the initial filter- to the backup absorbent bed. Almost all of 
the BaP and t^NP should be collected on the first fitter element Alternative collection media wit) be investi¬ 
gated if significant breakthrough of BaP and 1-NP is encountered. The gas phase compounds should exhibit 
minimal!breakthrough to the second!absorbent bedi The bed volume will be Increased if significant!break¬ 
through is observed. 

Analyses will be performed! to assure that degradation of the analytes does not occur on the 
filter/sorbent bed prior to desorption. Three sets of duplicate filters will be collected from ithe high concen¬ 
tration RASS exposure unit andithe DEE exposure unit One set of frlters/sorbents will be Immediately 
analyzed white the remaining [duplicate sets will be sealed and stored >at 5 D C in the dark before desorption 
and analysis. The second set of duplicates will be analyzed after 3 weeks of storage and the third set after 
6 weeks of storage. 

BNW will attempt to make optimal use of the SR MS In assessing method validity, especially in 
assessing the recovery and extraction efficiency. The literature Is replete with accounts concerning the 
difficulty of extracting PACs from particulate matter. Diesel particulate matter has been extensively charac¬ 
terized in SRM #1650 (May et at., 1992). Although this material was collected; fromi heavy-duty diesel 
engines. It should serve as an excellent reference point for validating ithe procedures used to determine 
PAHs and nitro-PAHs. 

Analytical Methodblooy . Samples will be collected using a dual etementfilter/absorbent Chemical 
class fractionation will be performed as neededito reduce the presence of-interfering substances. BNW will 
Initially, attempt to use some of recently published methods (Furton et a!., 1993; Spitzer 1993), but more 
elaborate methods may be necessary. (Lawtas et ai., 1990). 

As shown In Table IV-10, deuterated derivatives may be purchased for. several PAHs. These com¬ 
pounds will be added to theextract as internal standards and analyzed by GC/MS using an HP-59711 MSD 
system operated! in the selected ion monitoring mode with cold on-column injection onto a-fused silica- 
capiltery columnj 

The nitro-PAHs are often analyzed using a method that can provide high selectivity for the nitro- 
PAHs. This approach is taken because of the low concentrations of nitro-PAHs in most samples and the 
concomitant need to defeat the presence of significant amounts of potentially Interfering compounds. 
Negative-Ion chemical Ionization (Cl) GC/MS has been widely accepted because of the general availability 
of the instrumentation and the high selectivity and sensitivity seen for nitro-PAHs: (SehueteJe et ai., 1982; 
White, 1985). Gas chromatography with a-nitrogen-specific detector, high-resolution GC/MS, and tandem- 
MS have also been used with goodiresutts (Paputa-Peck et al., 1983; Schuetzie et a!:, 1982; White, 1985). 

BMW proposes the use of a TEA to analyze nltrosamines. This will also be available for use in the 
selective determination of nitro-PAHs. There are several accounts indicating that the TEA gives good 
selectivity and sensitivity for nitro-PAHs (Niles and Tan, 1989; White, 1985). Gas chromatography can be 
used for. nitro-PAHs, but can be problematic due to degradation (generally reductions) in heated zones 
within .the gas chromatograph and associated I injection -artifacts. Thus, BNW. will initially attempt to separate 
the nitro-PAHs by HPLC/TEA: 

(12); Aniline. 2-Amlhonaphthalene- and 4-AmlnoblphenvL Sidestream smoke 
contains numerous aliphatic and laromatic amines and nitrogen-containing heterocytics. At least 30 aromatic 
aniine derivatives have been identified {IARC, . 1985). The aromatic amines are a significant class of com¬ 
pounds, with 2-naphthylamine and 4-amlnobiphenyli regarded as potent bladder carcinogens (Guerin et all. 
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1992). Tihese compounds have been found in sidestream smoke at concentrations about 30 times those 
in mainstream smoke. 

Aniline will be determined In this study as a characteristic marker of exposure to aromatic amihes. 
However, BNW also proposes to determine 2-naphthylamine and 4-aminobiphenyi for several reasons. They 
are known carcihogenicsand their nitro-anafogs, 4 L nitrobiphenyl and 2-nitronaphthaiene are known to occur 
in diesel exhaust- Although BNW. has been unable to find confirmation in the literature that biotransformation 
of the two nrtro compounds to the corresponding amines occurs, this metabolic pathway is well known for 
various aromatic; nitro-compounds. 

The determination! ofi 4-aminobiphenyi is of particular. Interest, since Hemoglobin, adducts of 4- 
aminobipheny) have been usedlas a marker off exposure tD tobacco smoke (Farmer, 1991) andiBNW has 
proposed! such an adduct determination as an optional study for both the DEE and RASS exposures. 
Measurement of 4-aminobipheny) concentration In the exposure atmosphere is a Ibgicai complement to the 
addlict determination: 

Analytical Methodology . The analytical methodology for determination of aromatic amines will be 
modeled afterthat described elsewhere in thisiproposal for determining nicotine and 3-ethenylpyridine. BNW 
will initially try the same extraction procedure with deuterated compounds added as internal standards, 
followed by GC/MS analysis. The XAD^4 sorfoenttubes will be used to collect both gaseous andiparticle- 
bound amino analytes from the RASS exposure atmospheres. 

As amaftfemative, it may be necessary to try some of the procedures described in the literature that 
use prefractfonation (Grimer et al.„ 1937) and formation i of pentafluoropropbnamides (Patrainakos and 
Hoffmann, 1979). However, if plans to implement a tandfem MS are realized, the use of reactant ion monitor¬ 
ing in conjunction with capillary column chromatography (GC/MS/MS), would very likely allow the elimina¬ 
tion of Interferences that could compromise GC/MS: 

The analytical methodblogy wilt be validated by recovery studies and sample stability studies, as 
described previously for the determination of nicotine and 3-ethenyipyridine. 

(13) Heavy Metals : A variety of metals or metal compound^ are found ln:the 
particulate materia) from both RASS and'DEE (IARC, 1985,1989). Many of these metals, including arsenic, 
cadmium, cobalt, lead, chromium and nickel are associated)with known adverse health effects, including 
cancer (IARC, 1985). Accordingly, BNW proposes that the chemical! characterization of: RASS and: DEE 
exposure atmospheres include analysis of metals in particulate matter from exposure atmospheres during 
the subchronfc and chronic studies. 


Sampling . Duplicate filter, samples wiH be collected from a nose port from each exposure unit over 
the duration erf one 6-hour exposure day. Samples wDI be collected at ~0.5 L/minute on 25-mm Teflon- 
lamimated polypropylene filters with a 0.2-fim pore size, using a calibrated lflow sampler. Several filter, blanks 
will also be collected by placing;filters in the sampling [device and removing the fitters without drawing any 
sample. 


Analytical jMethodology . After collection, filter samples wBl be placed in acid-digestion bombs with 
3 ml of uttrapure, concentrated nitric acid and heated at 150°C for 3 hours. After cooling; an internal 
standard of yttrium willlbe added and the contents dluted to a constant volume with deionized water. Filter 
extracts will be analyzed for arsenic, mercury, lead, chromium, nickel; cadmium, iron, and zinc using either 
ICP-AES or ICP-MS, as required to obtain the necessary sensitivity for quantitative analysis. Based on the 
amount of each metal determined on each filter and the volume of test atmosphere drawn from the exposure 
unit, BNW will I calculate the concentration of each metal (mlcrograms/cubic meter) In the RASS and DEE 
exposure atmospheres: 
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(14) Sulfur Dioxide . Sulfur dioxide (SO^, a coloriUss gas with am irritating andi 
pungent odor. Is a common atmospheric pollutant resulting from the combustion of sulfur-bearing coals and! 
petroleum fuels. Sulfur dioxide is present in mainstream cigarette smoke (Guerin et. at., 1992) andiin DEE 
(IARC.19S9). At concentrations of 5 ppm or more, S0 2 ,has been reported to produce increased pulmonary 
airflbw resistance in laboratory, animats and humans (GreenwakJ, 1954). 

Analytical Methodology; BNW proposes the use erf a- Horiba Model 350-E SO^ monitor. This 
instrument measures UV fluorescence and requires none of the reagent gases orfluids associated with S0 2 
analyzers based on flame; photometric or couloroetric detection principles. This Instrument exceeds all 
performance specifications ofthe IKS. EPA and the European Environmental Testing Agency, 

The lower limit of detection of the Horiba i Model 350-E is 0.001 ppm S0 2 . The instrument is very 
highly specific for $0 2 ; the-only reported interference is water (~0;0D5 ppm at 10D% RH), BMW will maintain 
the exposure atmosphere at 60 ± 10% RH, so the presence of water vapor In the system will not cause 
significant Interference; The working range of the Horiba Model 350-E;Is 0;to 1-0 ppm, whichiBNW antici¬ 
pates will I be adequate. 

BNW proposes to calibrate the Model 350-E SO z monitor on a monthly basis. Gas mixtures will be 
generated over the range ofi concentrations encountered in the test atmospheres by blending a stock 
standard S0 2 gas mixture with pure air using a dynamic gas calibrator Alternatively, a certified standard 
S0 2 permeationi tube may be used with a dynamic calibrator in which the gas stream is; mixed: with a 
metered flow of purified air to produce gas standards over the concentration range of interest Gas stan¬ 
dards in pressurized cylinders cannot be reliably prepared and maintainedlat low concentrations of S0 2 ). 

(15) Total Hydrocarbons and Methane . Volatile organic compounds are impor¬ 
tant constituents ofi indoor air because they are ubiquitous and because several (e.g„ formaldehyde and 
benzene) are suspected human carcinogens. Research to date dfeariy shows that cigarette smoking {contrib¬ 
utes to the volatile organic chemical:burden of indoor air (Guerin et al. ( 1992). Gas-phase emissions from 
diesel engines include C 1 ~G 1e hydrocarbons, two-to four-ring PAHs, and nitrated and oxygenated derivatives 
of C t -C 12 hydrocarbons and two- to three-ring PAHs (IARC, 1989). During exposures at BMW, the atmo¬ 
sphere will be carefully regulated so a precise estimate of the amount of total hydrocarbons in the exposure 1 
atmospheres of DEE and BASS can be made. 

Analytical Methodoitoov . BNW proposes the use of a Horiba Model APHA 350-E ambient 
hydrocarbon monitor. The Model 1350+E Is designed for reliable, continuous, unattended measurements of 
total hydrocarbon; methane, and; nonmethane hydrocarbon analysis, or any combination thereof. The 
instrument uses a flame Ionization detector in combination with a catalytic hydrocarbon cutter. 

The tower detectable limit of the Horiba Modbl 350-E Is 0.02 ppm carbon with the electronic noise 
within 0.01 ppm carbon. The flame ionization detector Is wellisufted for the determination of hydrocarbons 
and the only reported!interference Is -0.2 ppm carbon by 100% RH water vapor. BNW will maintain the 
exposure atmosphere at 60 ± 10% RH, so the presence erf water vapor in the system will not cause signifi¬ 
cant interference. The working range ofthe Horiba Model 350-E is 0 to 100 ppm carbon, which BNW antici¬ 
pates will be adequate. 

The Model 350-E ambient hydrocarbon monitor will be calibrated ona monthly basis using propane 
as the calibration gas. The instrument calibration will be performed using several!certified standard gases 
encompassing the expected concentration range. A certified on-line standard oft propane in;nitrogen: wilt 
be used to determine drift of the Model 350-E detector. This standard will be sampled before beginning a 
series of measurements andlroutineiy during the measurements to determine detector drift within a typicaJ 
exposure dfcy. 
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b. Aerosol 

(I); Tapered Element Oscillating Mfcrobalance fTEQMVMass Monitor . On-line 
monitoring of the mass concentration of RASS and DEE In the exposure units will be awxsmplished by a 
TEOM monitor (Model 1400): 

The TEOMils a gravimetric Instrument capable of measuring the concentration of particles ki the 
range of 50 pg/m 3 to several grams/cubic meter. The system draws sample air through a filter at a con¬ 
stant calibrated rate. A Teflbn-coated borosilicate glass filter Is mounted on top of an oscillating tapered 
sampling tuber An electronic feedback circuit maintains the oscillation of the tube at its natural frequency. 
This frequency is directly, dependent on the mass collected on the fiiteri By accurately measuring the 
oscillation frequency, the mass can be determined. The concentration is then calculated from the measured 
mass collected onithe filter and the measured sample volume through the filter; 

TEOM readings willi be primary used to control RASS and DEE TPM I concentrations andlto report 
temporal concentration stability during the 6-hour exposure period! The TPM determined from CambrkJge- 
fttter samples wills also be reported as the average 6-hour exposure concentration. 

Because the mass concentration of the DEE is continually changing as the engine is cycled, a single 
TEOM wMIlbe required to monitor the DEE exposure unit pair. ThisTEOMlwiU report the average DEE mass 
concentration during the 23-minute engine cycle. During>tbe subchronic study* the DEE TEOM will be 
valved to alternately monitor the; 10- and: the 3-mg/m 3 exposure units for Individuali23-minute cycles. A 
second TEOM will be multiplexed to monitorthe mass concentration of RASS in each of the RASS exposure 
unit pairs. This TEOM will also monitor the mass concentration in the filtered-air exposure unit pair. The 
output of the TEOM monitors will be interfaced to the main* data acquisition and controli system by a 
dedicated computer running;proprietary software developed by BNW; 

The TEOM system will be calibrated by attaching a filter of known mass on the tapered element 
The corresponding; frequency will be measured and the ‘Spring constant - of the system will I be calculated! 
From this constant, the mass can be calculated at other frequencies of oscillation. This calibration will be 
checked against separate gravimetric filter samples taken from an exposure port at the same time the TEOM 
sample i is takern 


(2)i Realtime Aerosol Monitor (RAM) . On-line monitoring or the RASS smoke 
as it enters the distribution line from the aging room will be accomplished with a dedicated RAM. The RAMI 
readings will be used only to monitor and control Itha stability of the TPM concentration of RASS in the aging 
room. 


The RAM uses a pulsed light-emitting diode in combination with a silicon detector to sense light 
scattered lover a forward I angle of 45 to 95° by the particles traversing the sensing volume. The Instrument 
will I respond to particles initbe 0:1- to 20-pm diameter size range: Althoughithe geometric diameter of 
cigarette smoke approaches the minimum of this range, the concentration In the'aging room will be highi 
enough to assure a RAM response sufficient to determine)the stability of the concentration for control 
purposes. 

The output of the RAM will be automatically read and recorded by the data acquisition and control 
system. As each voltage is read, It will be compared!to limit values. If limit values are exceeded, the system 
wiU sound an alarm to indicate that the generation system must be adjusted. 
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An approximate^ calibration of the RAM willi be performed by correlating instrument response 
(voltage) with TPM valUes from weekly filter samples collected from the aging room iat the point RASS enters 
the distribution line. 
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(3) Total Particulate MatterJTPMl RKets . Aerosol mass measurements of both 
RASS and DEE will be performed by taking duplicate Cambridge-fiiter samples from two exposure ports from 
each exposure unit. The filters will be analyzed gravimetrically. The filter samples wBI be taken during the 
entire b-houn exposure period each day. The TPM determined from these samples will be the reported 
average exposure concentration for the exposure period. The UV-PM method may also be used to deter¬ 
mine TPM for samples with insufficient TPM for gravimetric determination. 

(4) . Aerosol Particle Size Distribution . Ingebrethsen and Sears (1985) evaluated I 
the particle size distribution of ETS smoke at different mass concentrations (Table IV-11). 


TABLE IV-11. Aerosol Properties of Environmental Tobacco Smoke* 


ParticlB Mass Concentration (fig/tn 3 ) 

1.4! 

i 

| 26 

226 

Average diameter (pm) 

0.098 

! 0.123: 

0.141 

Mass median diameter (pm) 

0.185 

0:198; 

021 

Particle number <0.1 pm (%) 

73 

54 

39> 

Particle mass <0.1 pm (%) 

17 

8J5 

5.5 


“Dilute sidtestream smoke aged for 1 hour in an 1B-m 3 chamber 


These results suggest that the particle size of ETS increases with increasing mass concentration^ 
The mass concentration of the ETS (BASS) smoke to be generated: in our experiments will initially be -20 
pg/L In the aging room. It is expected that the particle size will be somewhat larger than above, but 
probably less than lipmln average diameter. 

Particle size distribution of the RASS aerosol will be determined In the aging room and In the expo¬ 
sure units before beginning the study. In the prestart phase, applicability of various techniques will be equ¬ 
ated, including: 


An optical particle counter (Model HSLAS4365, Particte Measuring Systems Inc.; Boulder^ 
CO) 


• Anelectrical mobility analyzer with a condensation nucleus counter (Model DMPS;TSI1 Inc.; 

St Paul. MN) 

• A Mercer-styfe cascade Impactor (IrvTox Products,. Albuquerque, NM). 

The Model HSLAS-065 is a highly. sensitive laser aerosol spectrometer that relates the light scattered 
by a single particle to Its size. It operates within a size range of 0.065 to 1.0 pm in diameter. 

Electrical mobility analyzers create a known charge distribution in an aerosol. By measuringthe 
electrical mobility of partidbs In a well-defined electrical field, the particle size distribution can be calculated. 
The size range of the Model DMPS is 0.02 tol.Opm In diameter, with decreasing efficiency as the particle 
size approaches: 1.0 pm. 
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Mercer-styie cascade Impactors separate aerosol part id bs Into eight size ranges as the sample Is 
drawn through a series of stages wtthjeis and the partides Impact on the glass collection plates. The 
effective cut-off diameters: of the stages vary from about 0.2 to 4 pm. The amount of material collected on 
each impaction stage wilt be determined by UV/PM chemical analysis. 

A wide size range will be covered with these three techniques, which wfll enable us to choose the 
method most ap plica bib to the aerosol system. It is estimated that most of the partides in the aging room 
and the exposure atmosphere wifl be between 0.1 to ItOpm in size. Assuming that the performance of the 
Model HSLAS-065 withiRASS is verified duringithe prestart effort, BNW proposes to use this optical partidb 
counter routinely during the subchronic and chronic studies to monitor particle size distribution in the aging 
room and exposure units. 

The method for monitoring the partide size dlstribution ofDEE wOlibe selected during the prestart 
phase ima manner similar to the RASS study, DEE Is expected to have a somewhat larger partide size 
distribution: It Is anticipated that a combination of the optical: partide counter and the cascade impactor 
wilt be used!for routine monitoring. 

Combustion aerosols such as cigarette smoke and diesel engine exhaust are very complex systems 
with thousands of components. Their aerosol properties are time-dependbnt, with continuous transfer of 
material between particulate and vapor phases, as wait as between partides of different sizes. Highly 
concentrated aerosol systems undergo coagulation, which can reduce the number of partides and increase 
the average partide diameter. Volatile components can be lost from the particulate phase upon dilution. 
It is also expected that the chemistry of the combustion partides will vary somewhat with partide size. 

In the light of these complexities, when size-distribution data are reported! the dilution level, the age 
of the smoke, and details and shortcomings of the measurement technique should be dearly stated During 
the prestart phase, we intend to evaluate the techniques mentioned above and choose the most applicable 
and repeatable methods for the routine analysis of partide size distribution in our exposure chambers. It 
is likely that the particle size data wBI ; not be absolute or definitive, but it should provide a means to evaluate 
the consistency of the aerosol partide size distribution throughout the studies. 

c. Environmental _ 

(1)' Temperature . Temperatures wfll be measured usingTi-type thermocouples 
connected to the data,acquisition and control system. Temperatures from the aging roomj at a single port 
of each exposure unit, In each exposure unit cabinet, andlfrom theanimal housing room will be automatic¬ 
ally recorded. Calibration of this system wiH be accomplished by comparison with a certified mercury 
thermometer and I a temperature-controlled water bath. 


(2) Relative Htirofditv (RHK The RH wili be calculated from the temperature 
measured by a thermocouple and the dew point measured by an EG&G ModeH911 DewAil digital humidity 
analyzer (EG&G, Burlington, MA). A single; hygrometer will be multiplexed to the various measurement 
locations with a computer-controlled valve system. RH from;the aging room, at a single port of each 
exposure unit, and from alllanimal housing rooms wfll be automatically recorded. The humidity analyzer wBH 
be calibratedl by comparison to a certified, portable, E6&G Mbdel 911 dew-point hygrometer. 


(3) Air Row. System air flows wM be determined by measuring ithe pressure 
drop across calibrated! orifices or venturis using a single Validyne Model CD-12 carrier demodulator trans¬ 
ducer (Validyne, Northridge,,CA) interfaced to a ValkjyneiModel MP-45 pressure transducer. This systemi 
wil be calibrated by a Dwyer Mark, II (Dwyer, Michigan City, IN) water manometer. Exposure unit inlet and 
exhaust flows, as well as distribution line flows, will be measured by asingle-pressure transducer multiplexed I 

to the various measurement locations with a computer-controlled valve system, Flow wili be automatically 
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recorded at each location. The f\dw system wDt be calibrated by comparisonto a certified flow calibration 
unit. 


(4) Sound Level . Sound levels wi I be measured In both the animal exposure 
rooms and the DEE room. Measurements in the englne room will be made to determine If ear protection 
wilt be required for workers In the room. Measurements in the animal rooms will be made to assure that 
the exposure equipment does not generate sound levels that could significantly contribute to anfmaJ stress. 
Sound levels will! be measured during a< period of normal activity with all exposure generation equipment 
operating. Both ^weighted and flat-frequency measurements will be taken, the-latter being more appro¬ 
priate for Interpreting noise levels heard by rodents. The former, which more closely approximates the 
sensitivity ofi the human auditory system, will be Included as a reference for interpreting noise levels sensed 
by humans. 

The measurements wiH be made with a precision integrating sound llevel meter (Model 1983, General 
Radio, Concord, MA) wffliva H-inch random incidence microphone. The frequency response of this meter 
Is 5 Hz to 20 kHz. This Instrument meets the requirements of ANSI Standard Si .4-1971 for Type 1 sound 
level meters and ANSI Standard S1.11H1966 for octave band later sets: The meter will be calibrated on the 
day of the measurement using ai Generall Radio 1986 Omnical sound level calibrator at 1000-Hz. 

2. Prestart Validation ; 

a. Temporal Stability 

(1)i Total Particulate Matter (TPMl Although the TEOM will not be used to 
report-average concentration for the 6-hour exposure period!(gravimetric or UV analysis of filter samples will 
be used for this purpose), its response will be usedito Indicate the relative concentration dining the course 
of an exposure and will be used as feedback for manual control erf the exposure concentrations. A single 
TEQM will be dedicated to monitoring the DEE exposure unit pair while a i second !TEOM will be multiplexed 
to monitor the RASS and filtered^ exposure unit pairs. The TEOM aerosol concentration measurements 
will I be made in one of each RASS and DEE exposure unit pair twice/hour. These measurements will be 
used to demonstrate and control the temporal stability of the aerosol mass concentration during the expo¬ 
sure period. The average TPM concentrations will be controlled'to within ±20% of the target value. The 
variation in daily concentration wOi be controlled to within ±20% relative standard deviation! (BSD) from the 
mean. Priorto the start of each study, concentration stability within the desired target range wiil be demon¬ 
strated during three successive exposure days. 

Before the start of each study, the concentration buldup and decay times iciithe aging room and 
the RASS exposure units wll be determined from TEOM measurements. For these measurements; the 
TEOM I wilt sample from the RASS distribution tube as it exits the aging room or from each-single exposure 
unit approximately once every 2 minutes. The time for the concentration to reach 90% of its target value 
at the start of the exposureifTgo) and the time for It to decay to 10% of die target value at the end of the 
exposure (T 10 ) will be reported! The RASS generation system wBl be derated for. sufficient time to achieve 
stable concentration in the aging room before the start of animal exposures. Due to the cycling nature of 
the DEE generation system, no buildup and decay times will be determined for. the DEE exposure units; 
however, the DEE generation system will be operated for. one engine cycle prior to the start-of animal 
exposure.- Both RASS and DEE animals will be exposed for a period of 6i hours plus ^90 k 0 

determined only for RASS and I will be. used-for the entire study). 

The relative aerosol mass concentration In the RASS aging room wiil be monitored by a RAM 1 
dedicated to this purpose. RAM readings will be recorded at ~ 15-minute intervals during the concentration 
buildup period and during the 6-hour exposure period: 
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(2)i Carbon MonoxidefCO) : Carbon monoxide will not be used as a concentra¬ 

tion control !parameter; however, CO concentration, in combination with aerosol concenttation as determined 
bytheTEDM, canbean excellent tool for. recognizing and diagnosing possible problemswith the test article 
generation and distribution systems. CO concentration measurements will be made In one of each RASS 
and DEE exposure: unit pair twice per hour during exposure. If the generation and delivery systems are 
functioning properly, variations In CO concentration should be directly proportional to variations In aerosol 
concentration. 

During prestart validation, the normal relationship between CO concentration and aerosol concentra- 
tion will be determined. 


(3) Aerosol Partide Size . To assure that the particle size distribution is not 
affected:by the generation and distribution system during the course of an exposure, partide size analysis 
wiil be performed from a single port from the high-concentration DEE and RASS exposure units during the 
first and last hour of a typical exposure period. The diesel engine will be run at a constant speed and load 
during-this test to eliminate the temporal variation (n DEE concentration. 


b. 


(1) Total Particulate Matter (TPM1 and Carbon i Monoxide (GO). The spatial I 
uniformity of the aerosd and CO concentrations within the exposure unit will be determined by measuring! 
the aerosol mass using the TEOM and the CO using the CO monitor. Concentrations will be measured at 
one exposure port on each level of each exposure unit. The diesel engine will be run at a constant speed 
andlload during this test to eliminate the temporal variation imDEE concentration. 

(2) Aerosol'Particle Size . Prior to the start of eachsstudy, particle size measure¬ 
ments will be made at a single exposure port at the top;, middle and bottom of each exposure unit during 
routine generation to establish the partide size distribution of the aerosol and to demonstrate spatial 
uniformity. 


c. Exposure Atmosphere Characterization . The exposure atmosphere for RASS and 
DEE will be characterized by performing the chemical-specific measurements cited In Table IV-4. The 
validation of these methods andi associated measurements will be- summarized in.the prestart report 
Finalized SOPs for each of the cited measurements will also be included in the prestart report 

Particle Size. Partide size distribution measurements wOl be repeated at one port per exposure unit 
once during the subchronic study, and at leastonce per month during the chronic study.. 

D: EXPOSURE DATA ACQUISITION AND CONTROL 

i. Sy stem Des cripti on 

The main data acquisition and control system for the-studies wBI consist of an Apple 
Madntosh computer interfaced with an HP Model 3497A data> acquisition control unit (Hewlett-Packard, 
Hollywood, CA)i Input from analog Instruments and thermocouples will be Interfaced using HR analog Input 
cards: HP digltalinput cards will be used to monitor alarm conditions and on/off status devices. HP digital 
actuator cards will operate control relays. 

System software has been develbped using LabVIEW (National Instruments, Austin, TX) data 
acquisition, analysis, and presentation software. This programming application uses the computer display 
for bothia control Interface and data display. A mouse is used!to'point and dick*'onrvirtual)control ele¬ 
ments such as "buttons" and "switches* that appear on the display screen. The software allows each 
exposure group to be exposed! independently of the other groups, allowing staggered start times. 
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Specific Information relating to the data acquisition program (such as Instrument assignments, 
measurement frequencies, calibration parameters, alarm limits, and alarm reactions) wBJ be entered into 
spreadsheeMIke display windows on the computer screen. To assure GLP compliance, any changes in 
these values wW result In a printout of the old window, the new window, the date, operator’s name, and a 
comment field for explaining the change, Changes wBI be highlighted in the new window. 

Alarm settings include noncritica) and critical, upper- and lower alarm limits for each data type at 
each measurement location. The response to particular alarm situations Is defined by data alarm response 
types that can be assigned!to any location for each of the four possible alarm-conditions. Each alarm 
response te a self-contained subprogram that, when invoked, will take the appropriate action at the location 
from which it was called. All data that exceed-alarm limits wttJ be printed and stored. 

Data w3l<be stored to disk and printed to paper as they are collected! thus assuring minimal data 
loss in-the event of a system failure. Due to the'relative durability of paper, the printed record wilt be 
officially considered the raw data* The following information wfil be printed for each measurement: time of; 
acquisition, raw data value, calculated data value, units of measurement, identification iof the type of data, 
the measurement location, and any indication of alarm limits exceeded! At the end of each exposure day, 
all data recorded to disk will be copied to a central file server over a Ideal area network. These files will bB 
write-protected (Le., the data cannot be-changed in these files). The ties on the file server w3l be routinely 
backed up on-streaming tape; Data editing and analysis will beperformed only on backup editing files by 
qualified and authorized personnel. 

Table IV-12 lists the parameters that win be recorded by the data acquisition system, as well as the 
monitoringilocations and recording frequency. The on-line monitoring devices are described in Sec- 
tionlV.C.1. 

2. Data Analysis 

Exposure data-anaiyses and summations will be performed using spreadsheets and macro 
routines (Excel, Microsoft Corporation, Redmond, WA) developed at BNW, 

3. System Documentation - and^ValMation 

System description documentation and SOPs will be written to cover description, operation, 
calibration, validation, and verification of all exposure systems; data acquisition and control! systems and 
software; and data analysis software; Documentation and validation wfll satisfy the U.S. EPA GLP Toxic 
Substance Contrail Act regulations, 40 CFR 792. 

E. INDUSTRIAL HYlGIENE AND SAFETY 

Throughout the course of the studies, BMW wSJ protect the health and safety of personnel Involved 
and wSl comply with pertinent environmental protection requirements. Health and safety planning begins 
with the design of the logistics and the physical layout; with emphasis on the use of engineering controls 
to contain diesel fuel Vapors, diesel exhaust, cigarette smoke, and titanium dioxide, and prevent their escape 
into the work space. The effectiveness of engineering controls will be ascertained by room air monitoring 
using continuous, real-time instruments. Concentration readings in excess of the action level!(one-hallthe 
TLV) wilt trigger, an audible alarm and immediate shutdown-d the generation system. Sampling will also be 
performed initially to monitor the presence of diesel fuel vapors in the room air to ensure that no fuel-leaks 
into the work space. Room air monitoring will be performed throughout the studies In Rooms 511,519, 523, 
and 531- 
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Parameter 

TABLE t\M2. On-Line Monitoring Parameters: 

Number of 

Monitor Location Locations 

Recording 
Frequency 
(per Hour) 

Temperature 

Thermocouple 

Exposure Unit 

10 

once 



Exposure Unit Cabinet 

ib 

once 



Exposure Room 

2 

once 



Animal Room 

1 

once 



RASS Generator Room 

It 

once 



RASS Aging' Room 

i; 

once 

Relative Humidity 

Hygrometer 

Exposure Uhit 

10 

once 



AnimaJ Room 

1 

once 



RASS Generator Room i 

i 

once 



RASS Aging Roomi 

i 

once 

Air Row 

Orifice Meter 

Exposure Unit Inlet 

10 

once 



Exposure Unit Exhaust 

10 

once 


Venturi 

RASS Aging Room Row 

1 

once 



DEE Distribution Line Row 

1 

once 

-TPM 

TEOM ’A" 

RASS Exposure Unit Pair 

3 

twice 


TEOM ■A’” 

FA Exposure Unit Pair 

1 

twice 


TEOM "B" 

DEE Exposure Unit Pair 

1 

twice 


RAM 

RASS Aging Room 

1 

twice 

CO 

CO 'A* 

RASS Exposure Unit Pair 

3 

twice 


CO "A" 

FA Exposure Unit Pair 

11 

twice 


CO "A* 

Generator & Exposure Rooms 

5 

twice 


CO 

DEE Exposure Unit Pair 

11 

twice 

KEY: CO = Carbon monoxide; DEE 

= Diesel! engine exhaust; FA = filtered-air; RAM = 

Realtime aerosol 

monitor, RASS « 

Room-aged sidestream cigarette smoke; TEOM - tapered element oscillating micro- 

balance mass monitor; TPM * TotaJ'particulate matter 




Carbon monoxide is a chemical compound i common in both diesel exhaust and cigarette smoke. 
Personnel exposure sampling will!involve breathing-zone samplinglof CO, in lieu of sampling a wide variety 
of chemicals that may be present in the two test materials. Results of CO sampling will be used as an Index 
to estimate personnel exposure to other major chemicai components in diesel exhaust and cigarette smoke, 
e.g., aldehydes, NO x , CO^, and hydrocarbons. Correlation erf GO to these other major, chemical com¬ 
ponents will be done during prestart activities. No attempts will be madb to distinguish the contribution of 
diesel exhaust generated CO exposure from that of cigarette smoke: 


The extent of personnel breathing-zone exposure to CO wll I be initially characterized based on the 
exposure assessment strategy developed by the American Industrial Hygiene Association (1991). Once 
exposure characterization is complete, subsequent sampling will be performed periodically for surveillance 
or under special circumstances. Breathing-zone sampling results may be supplemented by means of> 
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monitoring CO concentrations In the exhaled air at the end .of work shift as recommended by the American 
Conference of Governmental! industrial Hygienists (1992). Personnel breathing-zone exposure to carbon 
monoxide will be monitored InRooms 511 and 519 and occasionally in Rooms 523 and 531. 

In addition to potentiallexposure to test chemicals, excessive noise levels may also present a hazard' 
to personnel in thBdiesBl engine room .and therefore will be evaluated. If a noise hazard does.exist [>85 
dB(A)J, applicable Occupational Safety and Health Administration (OSHA) hearing conservation program 
requirements will be followed (29 CFR 1910.95); Personnel will be provided appropriate hearing protection 
and caution signs will be postedsatthe entrancB(s) to the rooms, Since personnel entering the diesel engine 
room stay for. only brief periods to start; stop, or service the engine, noise exposure will be minimal. 
Nevertheless, appropriate hearing protection will be required and room access wild be restricted! 

Where engineering controls may not always becompleteiy effective, the protection of personnel may 
be supplemented by. establishing certain safe work procedures supported by training and i using personal 
protective equipment Personnel involved in this: study will be providedi training to comply with the OSHA 
requirements for hazard!communicationi(29 CFR 1910.1200:and 1450), A health andlsafety protocol will 
be developed and posted In the study area. This protocol wifi describe available data on health and safety 
effects fromexposuretb the test materials, level of personal protection needed, waste disposafirequifements, 
spill control and emergency procedures. 

Related health and safety considerations will include fire protection, proper air balance in the work 
spaces, and l prevention of environmental releases. 
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i V, ANIMAL CARE PROCEDURES 

9 * 


L 


A ANIMAL FACILITIES* PATHOGEN CONTROL PROCEDURES, AND ANIMAL CARE: PERSONNEL 


1. Animal Facilities and! Equipment 

LSL-ll.is,deslgnedlprimarily for large^llfe span Inhalation studies In rodents. The laboratory 
provides spacious animallrooms in a two-corridbr (regulated/clean) layout. Traffic Into animal housing and 
exposure areas Is strictly controlled with access only from the dean corridor. Monltoringiand other study 
support functions are conducted remotely when appropriate In order to-reduce equipment and personnel 
traffic in the animal areas. Total animal space In LSIL-II is 15,500 ft?. An additional! ^TOO f r of animal care 
support space Is used for the cage washing facilities, change rooms* offices,, storage areas, and exposure; 
suite control rooms (Figure IVrl). 

Major equipment (heating, cooling, and ventilation): Is provided In duplicate or with other back-up. 
The building contains a large diesel-powered generator that can maintain normal temperatures and good! 
ventilation In the animal facility If normal electrical power is lost, All essential systems are on a* routine 
monitoring and preventative maintenance schedule. 

The ventilation system provides approximately 18 air changes/hour to animallrooms In the facility. 
Air pressure differentials withinithe facility are such that the dean corrldbr remains positive to the animali 
rooms, which are positive relative to the regulatedicorridon Some rooms are maintained negative to both 
corridors for safety reasons (containment of test artide aerosols). Street areas (outside the barrier) are at 
the i lowest' pressure. 

Ail animal room doors remaln dosed except for passage or for special purposes; White dosedi the 
room Is an isolated unit with .virtually no airflow In or out except through that room’s Intake and exhaust 
ducts. An absolute (l.e., HEPA): filter is located in.eachiroom's intake duct to remove airborne particulate 
contaminants. To ensure entrapment of any potentially noxious particulate release within; a given, room, 
exhaust air passes through two successive HEPA filters before being exhausted from the building. Single 
HEPA filters are locatedlln the exhaust ducts of eachiroom; the second filtration occurs just before the air 
leaves the building. 

Room temperatures are individually adjustable and are;automatically recorded and monitored in a 
central location. Room temperatures generally fluctuate no more than ±2°FJ Temperatures are recorded 
at 60-minute; intervals on a remote chart recorder and!an alarm system makes Immediate contact with 
responsible personnel on a 24-hour basis should temperatures be less than 72°F or greater than 78°F. 
Lights, controlled! by automatic timers, are routinely set on a 12-hour llght/12-hour dark cycle.. 


The cage washing area is divided Into a clean and dirty side. Positioned in the wall separating the 
two sides are a; large pass-through cage and rack washer, a smaller cage and bottle washer, and a pass¬ 
through autoclave:. A second autocteve located in the dean wash area will accommodate large racks with 
cages or bulk supplies. Both autodaves operate to 270°F, have digital timers and a three-pulse vacuum. 

All animal watering In the facility,, except for special purposes, Is by means of automatic water 
systems attached to the cage racks. Nearly all racks and cages used In the facility, Induding attached 
automatic watering systems, are autodavable. 
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FIGURE V-1. Life Sciences Laboratory-ll Basement Floor Plan 
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Animal drinking water Is provided by the city of Richland's system; W&ter quality Is monitored, as 
required by state and federal regulations, by the city of Richland. In addition^ LSL-llianimat drinking water 
is analyzed for contaminants at least once each year. We do not acidify or chlorinate animal drinking water;; 
however, the water is chemically softened and filtered to remove excess minerals. The sodium Ion concen¬ 
tration imthe softened water is approximately 50 ppm. 

2. Animal Care Procedures 

The operation of the LSL-II animal facility Is focused on maintaining animals.In a dban„ 
stable environment and maintaining them free of infectious diseases, Sanitation and barrier procedures are 
well-defined and strict adherence to these procedures by all) personnel is enforced throughout'the facility. 

Barrier procedures for the facility provide two levels of control. The first level Is designed to prevent 
Introduction of pathogenic microorganisms Into the facility., if this should fail at any time,,the second level 1 
provides good protection i against movement of the pathogen from one room to another within the facility. 

a. Preventing IntrodUctlQn of Pathoaens into the Facility 

(1) Animal I Control. The first level ofi control begins with careful I selection of 
sources ofipathogen+free stock and limiting those sources to reduce the risks of Introducing‘pathogens from i 
a supplier. Limiting the sources alfeo generally provides better control over transportation arrangements and 
thus potential exposure to pathogens In transit. Animals arrive at the nearby Pasco airport and are promptly 
picked up in one of two climate-controlled BNW animal transport vehicles* 

Our health-screening procedures have been reliable for detecting the presence of pathogens kv 
incoming animals. Bacterial culture, serologic testing, and microscopic examination of selected tissues are 
used to detect pathogens andllesions In the animals examined; Our usual procedure is to promptly kill all 
animals ini the group if a pathogen Is’found that is judged significant with respect to its possible effect oni 
the study for which the animats are to be used or on other ongoing studies in the facility. 

(2) Control of Personnel. Equipment, and Supplies . Our barrier procedures 
strictly control movement of personnel; supplies, and equipment into and within the facility. Personnel entry 
is limited to ai “need-to-go" basis. Equipment must: be thoroughly sanitized! before entry and once In, 
generally remains within the barrier area. Supplies are removed from outer shipping packaging,and steril¬ 
ized, if appropriate, before passing Into barrier areas. 

b. Preventing Pathogens from Movinoifrom One Room to Another in the Facility 

(1) Personnel Control ] The LSL-il animal [facility is operated to allow for some 
difference in the extent of barrier protection for individual rooms. However, alii animal rooms, including 
quarantine rooms and animal exposure rooms are operated according i to our clean room regulations 
Access into these rooms is only from the dean corridor. Personnel are required to wash hands and arms 

(or shower) and change Into sterilized clothing before entering the clean corridor. Exit from animal rooms ^ 
and animal exposure rooms Is permitted only Into the regulated corridor. Once out of the room, re-entry 
is permitted only byway of the clean corridor after a clothing change andlhand and arm wash in the change GO 
room. When exiting a quarantine room, personnel must return directly to the change room, remove their 
clothing and wash thek handk and arms before proceeding to any other area. ^ 

CD 

(2) Animal Control . Animals are not permitted in the clean corridor. Therefore, O 

animals are moved from the quarantine room to the exposure room in the regulated corridor; The transfer ^ 

is made In dosed 2;3-m 3 whole-body exposure chambers. The transfer chambers are movedlthrough the 
regulated corridor to the side of exposure room doors, then chamber doors are opened andthe cage units 

are transferred through the exposure room doors to a dean rack in the exposure room or adjacent animal 
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room, If housing Is not In the exposure room. For the studies proposed, the animate are expected to be 
quarantined In the same rooms in which they will be held! after exposures start. 

All operations with i rodents In the facility are designed to avoid the necessity of moving animals 
through the corridor for exposure or other experimental procedures and them returning them tothe animal 
housing, roomi, For these studies, this will be accommodated by providing a door in the corridor to create 
a suite between adjacent rooms that are to be used for housing and exposure. 

Animals from ongoing studies within the facility are monitored for pathogens using serologic, culture, 
and direct examination methods. Besides providing data for individual studies, this information!is used for 
pathogen control within the facility. 

(3) Control of Equipment: and 1 Supplies . Equipment Is washed In the cage 
washer and sterfltzed or sanitized as thoroughly as possible before being moved through the clean oorridor 
into an animal room or animaliexposure room. Soiled animailraeks and cages are moved through the regu¬ 
lated corridor to the wash area. When practical,, othBr equipment is dedicated to a room and remains there 
as long as ft is needed! Sanitation .procedures for suchi equipment! are carried out In the room. If It must: 
leave the room, exit is via the regulated corridor. 

c. General Sanitation Procedures . Floors in.all animal rooms, animaliexposure rooms, 
andi corridors are sanitized dhiiy, Animal room and exposure room floors are hosed off once a day with 
NPD UNICIDE128 (a*sanitizer containing quaternary ammonium compounds); solution in IDO ± 10 ? F water. 
Corridor floors are washed once per day using the NPD UNICIDE 128 solution In a mechanical floor 
scrubber. More thorough scrubbing of flbors and walls lm rooms and-corridors Is done on an as-needed 
baste; 


All (rages and cage racks are washed every 7 days when In use. Cleaning agents dispensed during 
various washing cycles oftthe cage and rack washer (Better Built, ModBl 6300 SP); are Uri-Solv* pH Control, 
and PRIL-1B. These are alii products of Pharmacol Research Laboratories, Inc, The Initial cycle is with Url- 
SolV, a phosphoric acid solution used to remove mineral deposits. After the first cyclB^pH Control, a sodiUm 
hydroxide solution, is addBd to neutralize the acid! PRL-18, a chlorinated alkaline cleaner, is add&d to the 
second (last) wash cycle. This cycle Is followed;by two thorough rinse cycles usingtfresh, clean, ~180°F 
water. After washing, animal equipment Is heldlln a clean storage area. When needed, it is moved through 
the dean corridor to the exposure room or animal room. All excreta pans beneath the mouse cage units 
are removed every morning and replaced with dean pans that have been washed in the cage washer., 

The LSL-il animal facility is maintained free of wild rodents and other vermin by facility design and 
construction features, and by. controls on the movement of equipment and supplies into the animal facility: 

No pesticides are used in the facility. 

3. Animal Care and Use Committee and Accreditation bv the American Association if or the 

Accreditation of Laboratory Jteimat Care (AAALAC) ^ 

O 

BMW has an Animal Care and Use Committee:(Dr. Rowe, Chairman)'with representation rsJ 
from each organizational group within BNW that uses animate. The Legal Department is also represented ^ 
on the Committee. The Committee's non-BNW affiliated member is a blologjst-educator frorrv a local ^ 
elementary, school. Initiation of all studies, involving the use of; animals is dependent on the Animal Care LH 
Committee's review and approval! Committee functions have been defined (n.the Animal Welfare Assurance 00 
Statement submitted to the Office for Protection fromiResearch Risks, National Institutes of Healthi(NIH): ^ 
Our PHS (NIH) assurance number is A 33534)1;; our USDA registration number is 91-R4D06. 

BNWs AnfmaKCare Program (and facilities)!has had continuous full accreditation by AAALAC since 
1076. The: next AAALAC site visit will be In 1994* 
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VII GOOD LABORAT ORY PRACTICEB GDMPUANCE: 


Except where deviations are specified bythe contract, these studies will be conducted incompliance 
with the EPA Good Laboratory, Practices (GLP) regulations,, 40 CFR 792. 

A: GOOD LABORATORY PRACTICES (GLP) IN THE TOXICOLOGY DEPARTMENT 

BNW has a QA Unit that resides ih the Ufa Sciences Center. It Is staffed by two full-time auditors, 
and twodbrks who report directly to the Manager of Operations in the Life Sciences Center. The QA Unit 
staff Is responsible for providing Independent verificationt to management; that the testing facility Is ini 
compliance with relevant regulations. In fulfilling this responsibility, the QA Unit monitors compliance wlthi 
those regulations and BNW SOPs through surveillances, audits, and I data reviews. Written reports of 
compliance, which note any problems and corrective actions taken (§792.35),, are then submitted to Task 
Leaders! involved, Line Management' in the Toxicology Department, and the Manager of Operations. 

B; GOOD LABORATORY PRACTICES FOR THE PROPOSED PROJECT 

i. Pers PDiDe! 

The Principal Investigator (PI)- has the requisite education, training and experience to 
conduct the proposed studies. Hb represents the single point of controliand has the overall responsibility 
for the technical conduct;of the studies* The Study Director Is responsible forthB day-to-day decisions that 
Involve thB study, as specified in §792,33. All Task Leaders responsible for specific tasks havethe education 
and experience necessary for their assigned functions. Technicians have, or If necessary will recBlve;, 
training in the specific areas in which they will be worklhg. 

z Facilities 

In compliance with 40 CFR 792, BNW management wil assign adequate facilities suitable 
for the proposed work. Animal facilities are operated in compliance with all applicable regulations. 

3. Qua y te M sm pseAM 

ai Surveillances and Audits .. The QA Unit staff will monitor study activities through 
routine surveillances and data audits in compliance withIheGllP regulations [§79Z35(b)J. Study activities 
that will be reviewed (during surveillances Includh: animal receipt, quarantine/health screen andireiease to 
study, randomization, and identification; exposure; calibration of the exposure system; body weight measure* 
meat; dinical! observations; computer data collection; dlrilca) pathology;; special studies (ophthalmologic 
exams, minute volumes, EKGs, blood pressure measurements, etc.); necropsy; tissue trimming; andisllde 
preparation. During the surveillance activities, conformance to-study protocol; SOPs* and other applicable 
standards is assessed. The methods used! in conducting surveillances are detailed in the SOP; Inspection 
of Study Activities. 

fNJ' 

The study protocol will be reviewed and signed by the QA Auditor. In compliance with §792.35(b), £2 

study data wilt be audited quarterly on as in the case of one-time events, when generated; Data to be 
reviewed include: protocol amendments and> deviations; exposure; body weights; clinical! observations, os 
dlnlcal pathology, special studies, system calibration, mortality, necropsy,, and histology; pathology, wet CO 
tissues, and tsiide/block match-up. Each set of data will be reviewed for compliance with the study protocol, 

SOPs* and applicable Sponsor-generated Statement of Work requirements; The Development Phase and q 
P restart Report, and the Rnal Study Report will be validated with the raw data. Audit procedures and report CO 
validation are described In-thB-SOPs Protocol Amendments , Data and' Report Audits', Pathology Data 
Audits t and Exposure Data Audit . 
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b. Auditor Training BNW selects staff with technical experience for the QA Unit: The 
present members oftlieQA Unit staff have laboratory experience ranging from 13 to 20years. This knowl¬ 
edge is augmented with a continuing education program of internal and I external training) seminars and 
classes. The QA Unit staff participate In: the In-house training provldedtothe technical staff, in addition, 
they, attend meetings in which the study activities and problCms are discussed so that they can be better 
informed about the activities and data they, are reviewing. 

The staff of the QA Unit have attended various, ideal I courses of QA given by Columbia Basin 
Community College and theQuality Training and Resource Center (a multicontractor organization designed 
to provide comprehensive training !h QA, Safety, and Environmental Compliance). Each year BNW provides 
funds for the auditors to attend annual meetings and associated training seminars of the Society erf Quality 
Assurance. Ms. Gel man Is an American! Society of Quality Control (ASQC)-certified Quality Auditor. 

c. Quality Assurance Procedures . The QA Unit has SQPs that address surveillances, 
auditingiactivities, record maintenance, and record control. These SOPs,are reviewed annually and updated 
as. needed. The process of SOP maintenance Is described In the next section. 

4- Standard Operating Procedures 

BNW has a defined SOP process, which Is described in SOP; Production and Use of 
Standard' Operating. Procedures. Procedures for study activities are prepared 1 by the professional staff 
and approved by BNW Une Management prior to the start of the study. They are reviewed annually and 
agaln when established procedures are modified! The QA Unit retains a current copy of all SOPs and main¬ 
tains the historical file of retired SOPs. 

Official copies of new or revised SOPs are issued to the workplace and the Task Lead Sr by the QA 
Unit Agunofficial copy,, with a signature sheet is routed for review to all'staff who will be using the SOP.. 
Group training sessions are routinely held to discuss the particulars of SOPs (including any changes)) then 
individual *hands on* training Is provided by. the Task Leader (or designee), as needad, to assure the staff) 
is well-versed and proficient In conducting the procedure. Any deviations to SOPs during the course of the 
study must be authorized by the PI (dr his designee)) 

Conformance to SOPs is monitored duringiQA, Unit surveillances and audits. Deviations from 
standard procedures are discussed with the Pliand described in the QA Unit.report to Une Management 


5. 


The most recent PDA .Inspection at BNW was conducted August 1992 . The laboratory was 
In compliance with 21 CFR 58. 
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VII. ORGANIZATION. EXPERIENCE. CAPABILITY AND MANAGEMENT PLAN 


A. BATTELLE, PACIRC NORTHWEST LABORATORIES (BNW) 

Battelle Memorial Institute was created In 1923 by the wSI of Gordon Battelle, an Ohio Industrialist 
Since then it has become one erf the world’s largest Independent; not-for-profit research organizations, with 
major laboratories In Cotumbus, Ohio; Richland, Washington; Geneva, Switzerland; and Frankfurt, Germany. 

BNW, amajor component of Battelle Memorial lnstltiite. te a well-established, experienced, multidisci¬ 
plinary contract research organization located In Richland; Washington, with a scientific staff and supporting 
personnel of more than 4000 employees. Figure VIM shows the organizational structure of BNW. The 
Toxicology Departmentwtthin the Life Sciences Center (Figure Vtl-2) wM have the responsibilityforthe Phlip 
Morris projects. 


Over the past decade, BNW has made a commitment to focusing on Inhalation toxicology as a 
center of excellence within Battelle: As a research facility, BNW believes that Its expertise can most 
effectively be directed to performing;studies requiring the inhalation route of administration, and therefore 
we have directed our attention to refining our capabilities In this area: A large investment' has been made 
by BNW over the past several years in facility modifications, purchase and desigm of state-of-the-art 
automated exposure systems, analytical Instrumentation, and In training and educating personnel involved' 
in inhalation toxicology studies. 

An inhalation Toxicology Program Office was established within the Toxicology Department to 
Increase the emphasis of the Department on the Inhalation toxicology technical! and project management 
areas for increased responsiveness to government and industrial sponsors. 

The above factors combine to demonstrate that BNW management, technical and support staff are 
dedicated to providing the highest quality services and results to the client In the conduct of Inhalation 
toxicology studies at BNW: 

B. TOXICOLOGY DEPARTMENT 

The Toxicology Department (whose organizational structure Is shown in Figure Vll-3)ls part of the 
Life Sciences Center. The department Iras a staff of approximately 120 peopte working In laboratories and 
offices covering more then 100,000 ft 2 located in the LSL-II building. Over the past several!years, this 
department has developed a national and international reputation as a> center of: excellence in inhalation 
technology and toxicology; 


C. PERTINENT EXPERIENCE 

Research and development in vapor and aerosol exposure system technology within the Toxicology 
Department Is carried out by a team'Of scientists, engineers, specialists and!technicians. The staff, with 
overlapping backgrounds in physics, chemistry. Inhalation toxicology; toxicologic pathology, radiation 
biology, computer science and a variety of engineering disciplines, share a basic interest in inhalation tech¬ 
nology and have developed and tested exposure systems for animal exposure. Among these developments 
are two Innovative whole-body Inhalation exposure chambers (U.S. Patent #4,216,741) and nose-only 
Inhalation exposure system (U.S. Patent #4,721,060). Other inhalation exposure techniques developed in 
our laboratory include; steady nebulization of small samples of material;,monodlsperse aerosol generation' 
from liquids, solids, and vapors; generation of a solid carrier aerosol for oflsand chemicals; generation of 
highly respirable'concentrations of fly ash; aerosol generation methods, such ,as electrostatic generation and 
nonaqueous nebulization, and Ian Inexpensive method for on-llhe size fractionation. We have also expanded 
our capability to measure specific surface, density and dissolution characteristics of aerosol particles. 
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Office of Laboratory Director 
Director - W. R, Wiley 

Sr, Director, National Security St Defense -T. R. Fox 
Sr. Director, Science & Technology - M. L Knotek 
Sr. Director, Environmental Restoration and 

Waste Management * J. D. Spencer 
Sr. Director, Industrial Competitiveness - J.T.A. Roberts 
Sr, Director, Energy Programs • I. L White 
Sr. Director, External Relations * J. R Bagley 
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FIGURE VII-1. Organizational Structure of Battelle, Pacific Northwest Laboratories 
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FIGURE VII-3. Organizational Structure of the Toxicology Department 
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Scientists at BNW have been conducting animal inhalation studies for more than.25 years. NTP 
studies of more than 40 chemicals have been or are being investigated for acute, repeated-dose, subchronic, 
and chronic toxicity, and carcinogenicity Ira Flscher-344/M rats and B6C3F1 mice. NTP-sponsored inhalation 
teratology studies in CO-1 mice and Sptague-Dawiey rats have been completedion eight chemicals. 

Previous InhaJatbra toxicoIbgy projects include: inhalation bioassays of cigarette smoke; and health 
effects of inhaled volcanic ash (National Institute of Environmental Health Sciences; NIEHS); studies Ih which 
rats and rabbits were exposed to organic vapors for teratologic studies and others Ih which hamsters were 
exposed to tibrogenic dust by intratracheal instillation to determine the role of pulmonary fibrosis in the 
etiology of lung cancer; development-of oH shale aerosol technology (DOE); effects ofiproionged inhalation 
of nickel-enriched fly. ash in Syrian Golden hamsters (EPA); pulmonary deposition, translocation, and 
clearance studies with neutron-activated Inhaled dusts; biological (effects of inhaled sulfur pollutants (EPA); 
inhalation hazards to coal miners (DOE); the cross-placental transfer of metallic air contaminants (EPA). 
Other animal studies have Involved pulmonary effects of pellets containing cigarette-smoke condensate 
implanted in the lungs of rats (National Cancer Institute; NCI). 

Inhalation toxicology studies associated with our work inmuciear energy, which are sponsored by 
the UJS. Department of Energy (DOE), include: 1); aerosol and analytical technology development; 2)- 
coearcinogenic effects of uranium mine air pollutants (radon daughters,,ore dust, cigarette smoke) in rats 
and dogs to determine the etiology of lung cancer In uranium miners; 3) major programs on the pulmonary 
and skeletal carcinogenesis of inhalbd soluble or insoluble plutonium and other transuranlb elements; 4) 
toxicity of plutonium and! other radionuclides ini the fetus and neonate; 5) radionuclide metabolism in 
preexisting.disease states; 6) toxicity of noble gases associated! with reactor operation, and of elements of 
the thorium fuel cycle; andi7) the effects of piutoniumrsodium aerosols. 

BNW has extensive experience with nose-only exposures of rodbnts as well as other animals 
including dogs and miniature swine. Rodent nose-only exposures completed In the last 5 years indude 
several cigarette smoke studies, plutonium-233 oxide aerosol, promethium and cesium silicate aerosol, 
nitropyrene, and glycerol aerosol. The nltropyrene and glycerol exposures were conducted for 6: hours per 
exposure period. All other exposures required confinement of the animals for shorter periods of time. BNW 
has developed nose-only exposure technologies that assure fresh exposure material! to each animal and 
assure that there Is minimal heat stress to the animals confined in the animal holding tubes. 

In addition to our government-sponsored studies, several major inhalation toxicology programs are 
supported, or have been supported, by private Industry. For confidential reasons,, the name of the dlents 
and type of studies are not listed. 

D.. PROJECT MANAGEMENT PLAN 

The proposed project will be conducted In BNWs Toxicology, Department The planned project 
organization (functional) is shown in Figure VII14. BNW operates with a matrix management system because 
of the nature of contract research with multiple sponsors and I the multidisciplinary approach to research. 
This system frees the Principal Investiagtors to devote their full attention to project management rather than 
being diluted by additional concerns required by line management responsibilities. 

i 

i 

^ r* mpMii Vlh5 

1 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 



S18S89£Z0Z 







FIGURE VIM. Organization Structure of the Philip Morris Project 

918S89EZQZ 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 































BATTELLE-N ORTH WEST 


E. RESPONSIBILITIES AND AUTHORITY OF THE PRINCIPAL INVESTIGATOR 

The PI for Phllp Morris-sponsored studies, Dr. Morgan, Is administratively within the Toxicology 
Department Dr. Morgan will be responsible for scheduling, coordinating, monitoring, and reviewing the 
progress of technical activities, Including toxicology, pathology, animal tears, veterinary laboratory sendees, 
exposure engineering, aerosol physics, analytical chemistry, clinical pathology* , and health and safety. He 
wiil be the focal point for alllprognam communications within BNW k and wfll work with both the technical staff 
and contract group of the Sponsor In coordinating;work scopes and changes for the various contracts. 
Dr. Morgan Is also responsible for budgetary and fiscal control of: all Phlip Morris contracts. He will be 
responsible for establishing fiscal procedures and monitoring bi-weekly cost accounts and labor summaries 
provided by the BNW business office. 

Within the Philip Morris programs. Dr. Morgan will be in daly communication with the Task Leaders 
and will hold more formal meetings at least biweekly with the Task Leaders and QA Unit (QAU) to discuss 
progress, potential technical problems, milestone schedules, and the status of costs versus technical 
progress. 

As PI, Dr. Morgan wQllhave the following authorities and responsibilities of control over all staff 
members working on Philip Morris projects; 

• Direct control. Including approval for expenditures of project funds 

• Concurrence with the assignment’ or removal of project staff 

• Concurrence; with facilities assigned to Philip Morris projects 

• Performance evaluations of project staff in their annual staff development reviews by 
management; including recommendations for promotion 


Recommending, when required, oral and/or written reprimands to staff assigned to the 
Phlip Morris projects 

Reporting unsatisfactory performance of assigned staff to Department Management, and 
insisting that corrective action be taken 

Approving study protocols, data forms, technical reports,, and all other documentation 
related to the Phlip Morris studies 

Specifying appropriate, and timely correction of deficiencies or problems detected by QA 
and other project staff 

Defining, documenting, and communicating the responsibilities and authorities of staff 
assigned to the Phlip Morris protects 

Assigning supervisory and task leadership responsibilities for weekends, holidays, and 
vacation periods to assure that qualified professional personnel are available in case an off- 
normal event should occur 

Conducting an Operations! Readiness Review (ORR) with Task Leaders, QA. and 
Department Management prior to the Initiation of animal exposures to include a review of 
the Study Protocol and SOPs, an analysis of the exposure system, and discussions of 
potential problem areas or health and safety concerns 
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• Conducting frequent meetings with Task Leaders to review compliance with Protocols and 
SOPs and discuss the various aspects of> conducting these studies 

• Communicating with the PhRIp Morris Study Monitor concerning progress, technical 
concerns, or potential problems. 

F. DAILY MONITORING OF THE STUDY EVENTS 

As soon as the study protocol is approved and the starting date is determined, the schedule of study 
events for the Test System i (Toxicology, Veterinary Care, Pathology, and Special: Toxicology Studies) Is 
compiled Into a computer system; Each month the study events will be printed on a monthly; calendar form 
(Figure VH-5), and distributed to the Task Leaders and PI for monitoring and assessing the progress of the 
study. These schedules wRI also be used to forecast the staffing requirements. Similar monthly schedules 
are also prepared for the Test Article (Exposure System, Exposure Generation and Chemical Analysis and 
Monitoring, Exposure Operations Events,, and Chemistry Operations Events)> 

G. MONITORING PROJECT COSTS AND CONTRACT MODIFICATIONS 

As soon as the contract'has been awarded, a total;project budget'and;detailed work breakdown 
struoture will be prepared and entered into a computer. Monthly cost reports are used by the PI and Task 
Leadersto monitorthe project costs and commitments. Task Leaders are responsible for providing detailed) 
descriptions for any variances from the original estimates that have not previously been covered by contract 
changes or modifications; 

These variance analysis reports willl be used to alert the Sponsor of any additional funding needs 
as soonas they have been noted.. 


Contract modifications are automatically assigned an action number by the BNW Contract Associate, 
at the time of receipt The PI and I Department Administrator are alerted of the change and action number 
on the same day. Cost: details andi schedule:Impact are determined by the affected Task Leaders and 
provided to the Department Administrator who works with the PL.BNW finance and contract personnel in 
preparing the final iproposall Once a Modification has been dSfined, the budget estimated labor hours and 
schedule details are adjusted accordingly so that all: project management Information Is kept: current 

H. MILESTONE SCHEDULES AND DELIVERABLES 

A schedule ofevents and deliverables Is prepared at the beginning of eachstudy and entered into 
a master schedule program maintained by the Department Administrator. Reminders crff upcoming events 
and mRestones are sent to all Task Leaders well In advance of the event Changes In schedules are easily, 
analyzed by this computerized approach,.which also provides an effective method)of scheduling personnel 
and facility needs of several projects going on at the same time. 

A Phase 1 report: will be prepared detailing the construction of the systemand prestart testing to 
define system operating parameters, interim study reports wRI be prepared after 12 and! 18 months for the 
chronic study. A final report willibe submitted within 12 months of completion of the study. Study reports): 
will be prepared for the subchronic and any mechanistic studies performed. 
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The Toxicology Department Archive Is a limited access facility within LSUI. A Senior Administrative; 
Assistant oversees the day-tcnday activities erf this office. All original source technical records generated i on; 
the Philip Morris studies will be filed In this office. The SOP m Data Handling and Storage of Study 
Documents and Materials*\ covers records management during conduct of thB study. At the completion! 
of the Study Report personnel from the Program Office perform final l verification of the completeness and 
accuracy of the file records. If records are determined to be missing and a thorough search does not locate* 
the data, a missing record form is completed and ihserted in the appropriate file folder. A list of the missing 
records Is retained i in the Program Office and every attempt Is made to locate the missing documents after 
the rest of the data is forwarded to the Sponsors archives. 
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VIII. QUALIFICATIONS OF PERSONNEL 


A KEYPERSOMNEL 

Below are brief statements: regarding experience and accomplishments of key, critical; and 
supporting Individuals who are gennane to the project and their proposed roles for these studies. Complete 
resumes for key personnel are included in Appendix B. BMW understands the named personnel are 
necessary for the successful performance ofi this contract If substitutions become necessary, BNW will 
provide a detaied explanation of the circumstances necessitating the substitution to the Sponsor's Study 
Monitor. Tihe proposed substitutes will have; substantially equal abilities and qualifications to those of the 
person being replaced. 

1. Principal I nvestfaator-E.W. Morgan . 

Dr. Earl W. Morgan received a BS in Agriculture with a> science emphasis,.and a DVMi 
degree from the University of Missouri in 1973 and 1976, respectively. From 1976 to 1981, Dr. Morgan was 
in the U.S. Air Force Veterinary Service. From 1981 to 1983*. he was in private practice In Missouri and! 
Oklahoma. 


In 1983, Dr. Morgan entered the UlSi. Army and was assignedito Letterman Army Institute of 
Research (LAJR) at the Presidio of San Francisco,, CA From 1983 to 1987, he was assigned to the 
Mammalian Testing Section of the Division of Toxicology, initially as PI and forlhe last 2 years as the Chief 
of the section. He was an investigator for toxicological studies conducted in compliance withiFDA and EPA, 
Good Laboratory Practices regulations. 

From 1987 to 1990, Dr. Morgan was working on a PhD in Toxicology at the University of Kansas 
Medical Center in the Department of Pharmacology and Toxicol 6gy. Dn Morgan’s research project involved 
the purification and characterization of the function and regulation of two isozymes of a rat liver microsomal 
carboxyl esterase. The majpr, techniques used were microsomal preparation, column chromatography, gel 
electrophoresis. Western immunobiotting, and enzyme kinetics. 

From 1990 to 1992, he served as theChief of AerosoJ Biology, Department of Pathophysiologyi UiS. 
Army Medical Research Institute ofinfectious Diseases. Dr. Morgan was responsible for the re-establishment 
of the aerosol toxicology laboratory at the institute. He provided aerosol support for studies Involving toxins, 
antitoxin therapy, detection tof aerosol particles, and efficacy studies for candidate vaccines against airborne 
exposure to both Infectious agents and toxins including higfcvmoiecular-weight biological toxins. 

Dr. Morgan joined BNW in February 1992: Since that time he has served as Toxicologist and/or 
Study Director for six studies which use both.rodents and canines. __ 



2. Associate Principal Investioator-J.A. Dill 

Dr. Jeffrey A Dai is a Staff Scientist In the Analytical Chemistry Technical. Group of the 
Toxicology Department He received a BS in Chemistry from the University of New Mexico: (l!979)iand a> 
PhD in Analytical Chemistry from Colorado State University (1983). 

Dr. Dad joined the Toxicology Department in 1987. His duties involve development and evaluation 
of analytical methodologies used in chemical characterizations and qualification of;test atmospheres used: 
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fn inhalation toxicology studies. He is also responsible for the design and conduct of toxicokinetic studies, 
and for designing and validating assay methods for test chemicals and metabolites in biological samples. 

Since joining the Toxicology Department, Dr. Dffl has provided technical oversight of the chemistry 
task on over 20 different inhalation tbxicity studies* ranging from 2-week, repeated-dose studies through 2- 
year chronic studies. These’studies have investigated the toxic effects ofjright different organic and 
inorganic test cbemicsrfs in rats, mice, or dogs, employing either whole-body or nose-only inhalation 
exposure units;; the majority of which have been aerosol: studies. Dr. Dill has completed numerous 
toxicokinetic or tissue distribution studies, performed! in support of inhalation toxicity studies for MTP other 
governmental and industrial dients. 

Prior to Joining ithe Toxicology Department, Dr; Dill was employed by Pacific Northwest Laboratory 
(PNL) In waste packaging studies for nuclear waste repository investigations. Beforejoining PNLi, he worked 
for Rockwell Hanford Operations as the Solution Chemistry Laboratory Team LeadbF* His experience was 
principally in inorganic analysis of natural water samples, supporting nuclear waste repository investigations. 

REDACTED stEDACTED REDACTtsIJ 


B. CRITICAL STAFF , 

11 Toxicoloofsts-B J. Chou and T J. Mast 

Dr. Chou, the present Technical! Group Leader for Toxicology, will be responsible for 
assigning and coordinating toxicologists and specialists for the proposed studies. Drs. Mast and Morgan 
will be responsible for coordinating toxicology procedures, evaluations and reporting.. 


a. Dr. Billy J. Chou. Dr. Chou received B Vet Sd and DVM degrees,from the National 

Taiwan University, an MS degree in Animal Nutrition and a PhD degree In Physiology from Kansas State 
University (KSU).. He Is a Dlplomate of the American Boardiof Toxicology with more-than 20 years of 
experience in industrial toxicology. He has extensive experience In safety assessment of industrial 
chemicals. These indude the design, supervision, evaluation and reporting of the toxicity and target organ 
toxicity involving Industrial chemicals and therapeutic agents in laboratory animals; Before Joining Battelie; 
Dr. Chou was the Department Head o# Toxicology and'Animal Facilities at> William K Rorer, Inc. He was 
responsible for conducting and reporting all required animal toxicity studies for; Investigational New Drug 
(IND) and New DrugApproval (NDA) submissions. He was,also the Project Manager for “growth promotion* 
and "anticoccidial* projects. Dr. Chou joined BNW in November 1084 as the National-Toxicology Program 
(MTP) toxicolbgist and assistant PI and assumed the PI position In January 1986. Since then. Dr. Chou has 
been the PI for 26 NTP chemicals, _ 

b. Dr TerrvTJl Mast . Dr. Mast has a BS degree in Biochemistry and Biophysics, an 
MS In Agricultural Chemistry, and a PhD in Environmental Chemistry through the Environmental Toxicology 
Department, University of California. (UC); Davis. In: addition, she was a postdoctoral researcher in 
Developmental and Reproductive Biolbgy from 1984 through 1985 at the California Primate Research Center 
at UC, Davis. She is currently, a Staff Scientist in the Toxicology Department at BMW. 

REDACTED REDACTED REDACTED 

Dr. Mast joined'BNW. in 1986. Her research interests;.in additionito general inhalation toxicology, 
are; In the area ofidevelbpmental and reproductive toxicology, mechanisms of developmental toxicity, and 
distribution, and pharmacokinetics of; toxicants. 
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Dr. Mast functions as Study Director and toxicologist for some NTP projects at BMW and also serves 
as Task Leader for the sperm morphology andvaginalcytology evaluation (SMVCE) task. She is PI for the 
current effort on nose-<!>nly Inhalation studies being conducted for a> confidential client 

Dr: Mast joinedSBNW following 2 years of work in Developmental Taidcdlogy at the California Primate 
Research Center, where she studied the teratology; pharmacokinetics, and plac^itaftransfer of valproic add 
in nonhuman primates and rodents administered by oral gavage. Her interest in metabolism and maternal- 
fetal pharmacokinetics iedlto studies on the develbpment of hepatic xenobJotic-metabdizing enzymes in the 
fetal monkey. She conducted an oral gavage study inirats to correlate teratoiogicai effects of the pesticide 
oftanol, with maternal plasma kinetics, cholinesterase activity, and! metabolism during organogenesis. She 
designed and participated in a study correlating plasma levels and toxic effects d dibromodichloropropane 
(DBCP) administered to Rhesus monkeys in drinking water on the male reproductive system. 

2. Pathologists—R.A. Miller. S:L Grumbein. RA Renne, and P^W.'iMelifck ' 

Dr. Miller win be responsible for> the necropsy supervision!and histopathologic evaluations 
of all mice on the proposed studies. 

a. Dr. Rodney A Miller . Dr. Miller received his DVM degree; with distinction, from Iowa 
State University in 1971. After 4 years ofidihical practice, he was selected for a PhD program at Washington 
State University where he"obtained 4.5 years of experience in diagnostic pathology in t the Washington 
Animal! Disease Diagnostic Laboratory. Much of his diagnostic: experience involved tumor diagnosis in a 
variety of domestic animals and rodents. His thesis research was concerned iwith the Inter-relationship of 
diabetes and atherosclerosis in rabbits. After receiving his PhD from Washington State University in 1979, 
he joined BNW k where he has participated in a number ofrodbnt studies, including long-termi effects of 
inhaled acid aerosols in rats, late effects (carcinogenesis) of americium nitrate in rats, and rat mammary 
carcinogenicity ofi injected plutonium citrate. Dr. Miller has participated in several subchronic and chronic 
Inhalationistudies in rats and mice exposed to various solvent-refined coahproducts. Dr. Miller successfully 
passed the certifying examination of ACVP in September 1980. Dr Mfller has 12 years of experience in 
necropsy supervision and in’histopathologic evaluations of tissues from rodents in prechronic and chronic 
inhalationistudies for NTP. The many NTP-sponsoredlinhalation studies which Dr. MPIer has evaluated 
indude the prechronic and chronic inhalation studies of 1,3-butadiene and chlbroprene, and the prechronic 
studies on isoprene;. gallium arsenide,, and gallium oxide. Dr. Milter will be responsible for necropsy 
supervision and histopathologic interpretation of tissues for these studies on this project 

b- Dr. Sondra L Grumbein. Dn Grumbein received her DVM degree fromKSU In 1971. 
Following^ years ofdinicaJ practice, sheiretumed to KSU and completed a.PhD program in Veterinary 
Pathology in 1977. During ;that time Dr. Grumbein was Veterinarian for the KSU Animal Resources Facility 
and monitored research animals and facilities campus-wide. After receiving, her PhD, Dr. Grumbein joined 
the Pathology. Faculty of the College of Veterinary Medicine with responsibilities in teaching, diagnostic 
service, and research. 

In January. 1979j Dr. Grumbein joined Ithe faculty at the newly formed School of Veterinary Medicine 
at Oregon State University (OSU)i She developed the general pathology course taken by first-year 
veterinary students in their third quarter, including iboth microscopic and I gross pathology laboratories, and 
taught that course to the first three dasses admitted to the OSU program. Dr. Grumbein also developed 
and taught an aniinai pathology course Tor non-veterinary students. The remainder of her time was spent 
in the Oregon Veterinary Diagnostic Laboratory, providing diagnostic services to dinlcal veterinarians as well 
as livestock, poultry; and pet owners. She was certified as a Veterinary Pathologist by the American College 
of Veterinary, Pathologists (ACVP) in 1979. 

REDACTED Dr. Grumbein joined Battdlb Columbus Laboratories (BCL); Columbus, OH, as 
Associate Manager of the Patholbgy Section. One year later she became Chief of Pathology, and in 1985, 
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Manager of thePathotogy Section, responsible for anatomic and dinicaJ pathology operations* Induding 
4 veterinary pathologists and 25 histology and clinical pathology, technical staffi "The majority, of that 
operation's work consisted of rodent studies performed for NTP under GLP and other government sponsors. 
Dr. Grumbein. was involved in proposal preparation and costing* as weH as protocol development and 
scheduling. She reviewed! the work of BCL pathologists and established; the group's reputation for 
- producing pathology data generally uncluttered by. duplicate diagnoses andispurious trends. Dr. Grumbein 
alto supervised I necropsies and read numerous. NTP prechronic and chronic rodent studies, utilizing, either 
the TDMS computer system or XYBION for data capture and management 

In 1987* Dr. Grumbein joined Pathology Associates; Inc.*, (PAI) as Director the North Carolina 
Division,, and took over as Pi of their pathology, support contract with NTP. Ih that role she interacted 
directly, with NTP Project Officers and pathologists to meet their needs under that contract. Dr, Grumbein 
managed a full-service histology laboratory intsupport of NlfiF„as well as an electron microscopy laboratory 
wrthibothitransmission.and scanning capabBities. She chaired'numerous NTP Pathology WorkingiGroups 
for both prechronic and! chronic studies. Dr, Grumbein completed several special pathology projects for 
NTP, the largest of which included review of slides from -2,000 rats and 1,100 mice retrieved from NTP 
Archives. The results of reevaiuation of the incidences of selected neoplasms in those rodents, along with 
other measurable factors such as size;and number of section, wereLincluded! in two papers published in 
Toxicologic Pathology by NTP. Other special* pathology projects included reading step-sections of 
residual kidneys erf male rats onta chronic study for proliferative lesions and: reading sections of residual! 
pancreas erf rats for exocrine lesions. Dr. Grumbein also performed or supervised a number of reviews of 
residual wet tissues for untrimmed potential lesions. 

In January. 1990, Dr. Grumbein»rejoined Satteiie at its Pacific Northwest Laboratories and has since 
participated in two repeated dose, three subchronic, and four chronic NTP Inhalation studies* Including, 
supervision of necropsies and histopathologic evaluation! of tissues from rats on the; subchronic inhalation 
study of glutaraltiehydte and the chronic inhalation study of chloroprene. Dr. Grumbein has; 10 years of 
experience in necropsy supervision and histopathologic evaluations of tissues from prechronic and! chronic 
NTP rodent studies. 

a Dr: Roger A. Renne : Dr. Rtenne, the Technical Group Leader for Pathology, in the 
Toxicology Department, is responsible for the coordination of the pathology tasks* Including animal isacrifice, 
necropsy., histology, and histopathoiogy. He holds a DVM!from Washington State Uhiversity> and is; a 
Diplomate of ACVP1 He has over 21 years of experience in the pathologic evaluation* ofi tissues from 
experimental animals used on chronic toxicity and carcinogenesis studies. 

REDACTED 

Dr. Renne has been PI on several projects, Induding studies evaluating 
the fibrogenic and carcinogenic potential of particulate oil shale materials using repeated intratracheal 
instillation; and inhalation toxicity studies of* W 2 $ and ammonia In rodents. He has also been;responsible 
for histopathdogic evaluation of pulmonary lesions in dogs exposed to cigarette smoke* and gross and 
microscopic evaluation of tissues from dogs exposed to carcinogenic doses of particulate radionudides via 
inhalation, and gross and microscopic pathology, of hamsters exposed to fibrogenic particulates. Dr. Renne 
was PI for am industry-sponsored dermal carcinogenesis project and was acting PI for the NTP project for 
14 months. Dr; Renne has 14 years of experience In necropsy supervision and 18 years experience in 
histopathologic evaluation of tissues from rodents in the NCI/NTP carcinogenesis program. 

d. Dr Paul W: Metiick : Dr. Mellick received his DVM degree from The Ohio State 
University ln> 1962 and his MS degree in Veterinary Patholbgy from New York State Veterinary College at 
Cornell University in 1964. After 2 years of dinical practice, he entered the Veterinary Corps of the*U.S. 
Array. After a 1-yean tour of duty In Vietnam during which he established a Veterinary Diagnostic Laboratory 
for Vietnamese livestock and poultry, he returned to the Armed Forces Institute of Pathology where he 
_ completed residency training in veterinary pathology. He was certified as a Veterinary Pathologist by ACVP 
in November 1970. From 1970 to 1972* he served as Chief; Toxicology Division, U.S. Army Environmental 
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Hygiene Agency, Edgewood Arsenal, MD where he conducted toxicology studies on chemicals Important* 
to the Army using all routes of: administration including inhalation, and a variety of animal models including 
rodents, dogs, birds and i primates, 

Ira.1972, he entered thePhD program in Comparative Pathology af UC, Davis. His thesis research 
involved! inhalation toxicology and pulmonary pathology in nonhuman primates exposed to ambient 
concentrations of oxidant air pollutants. After the compietion of his . graduate studies in 1975, Dr: Mellick 
returned to his mflltary duties as Chief of Pathology at the Letterman Army Institute of Research, Presidio 
of San Francisco. During his 8 years in this assignment he directed and conducted pathology research on 
a variety of biomedical research projects bi the fields of toxicology, safety and efficacy of blood replacement 
solutions, nutrition and experimental surgery. He organized and developed Lstterman's toxicology research 
and testing program, the only GLP-compliant toxicology capability in. the U.S. Army. He organized and 
directed a highly successful residency program in veterinary pathology. In 1983 and 1984 he served as 
Head, Veterinary Medicine! Department, U.S. Naval Medical Research Unit #3, Cairor Egypt, where he 
planned, directed and conducted research on Infectious 2 oonotic diseases in Egypt and other Middle 
Eastern countries. He then returned to the Presidio of San Francisco and became the Deputy Commander, 
LLettermamArmy. Institute of Research. In this assignment he planned! directed:and managed!scientifically 
diverse biomedical {research programs with aistaff of 250 and an annual Ibudget of $14 mOlionj Concurrently; 
he served as Veterinary, Pathology Consultant to the Surgeon General, assessing veterinary, patholbgy 
requirements for ali Department of Defense laboratories worldwide; monitored training, career development 
and professional capability of approximately 60 military veterinary, pathologists and made recommendations 
concerning appropriate veterinary patholbgy staffing to the Chief of the U.S. Army Veterinary Corps. 


Ini 1987, Dr. Mellick retired from active military service to pursue interests in inhalation toxicofbgy 
and pulmonary patholbgy at BNW. Since joining BNW, his primary responsibilities have been necropsy 
supervision and histopathologic evaluations, of tissues from rodents in prechronic and chronic inhalation 
studies for NlTP. and PI for inhalation; toxicology studies; for an industrial sponsor. He was the study 
pathologist for NTP-sponsored subchronic inhalation toxicity studies of gattium arsenide and isoprene inirats 
and glutaraldehyde in mice. 

3. Clinical Patholoqlst-H.A. Raoan 


Dr. Harvey Ai Ragan Is the i Manager of the Toxicology, Department, as well as the Director 
of the Clinical Pathology Laboratory within the department Dr. Ragan has degrees In biology and in 
veterinary medicine, and has postdoctoral training in hematology. His special! research interests.are the 
interrelationships between pollutant metals and nutritional deficiencies on the hematopoietic and Immune 
systems, the clinical pathologic effects ofelectiomagnetic fields or internal emitters on experimental animals, 
and the in vitro quantitation of effects of pollutants on hematopoietic stem ceils. Dr. Ragan has over 
25 years of experience in laboratory medicine applied tto beagle dogs, miniature swine, miniature aoats, and 
laboratory rodents. 



hEDACTEC 

^ Dt Ragan served as the Pl/toxicologist for the NTP projects 

from February 1984 until December 1985< and has over 12 years of experience withiNTP-sponsored toxicity 
studies. Dr. Ragan will serve as the clinical pathologist on the proposed projects. 


4: ChemistS~R.B. Westerberpi A.W. Giescben. C.W. Wright. R.N. Lee. andiS.D. Harvev 


a. Dr. R; Bruce Westerberg . Dr. Westerberg is the Technical Group Leader for. 
Analytical Chemistry. He received his PhD in Analytical Chemistry from Purdue University in 1974. He has 
a broad: background and experience In bloanalytlcal chemistry, and characterization of test atmospheres 
In exposure chambers. As the Technical Group Leader, for the Analytical Chemistry, Group of the Toxicology 
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Department, he Is responsible for supervising personnel performing analytical and bloanalytlcaJ 
measurements. 

Dr. Westerberg has acted as PI for a series; of 1 programs in wtijch nicotine and cotlnine were 
determined in plasma samples- He has also participated In Department of Energy (DOE) studies concerning 
the metabolism of complex mixtures. He has been chemistry task leader for numerous inhalation! studies 
of a wide variety of test material [Including tobacco-smoke, humectants, pharmaceuticals, various inorganic 
and organic aerosol^ and numerous organic gases and vapors. 

Before Joining BNW, Dr. Westerberg was employed by EL DuPont Chambers Works, Jackson 
Laboratory, as an Analytical Research Chemist- (1974-1980). During the early part of that period, he was 
responsible for-the laboratory's HPLCfacPities. Later he assumedlresponsibSityfor upgrading and operating 
the laboratory’s GC/MS facSities. This work included quantitative analysis ofindustrial waste waters for trace 
levelfc of EPA-priority pollutants,, and analysis for polychlorinated: biphenyls (PCB)" in complex organic 
materials. Dr.Westerberg Is a member ofthe American-Chemical Society (Division-of Analytical Chemistry), 
the American Association of PharmaceuticaJiSeientists and 1 the American Society for Mass Spectrometry. 

b. Andrew W. Gieschen. Mr. Gleschen is a Senior Research Scientist: involved in 
analytical organic chemistry In the Analytical Chemistry Group. He has a-BS degree In Microbiology and 
Chemistry from Arizona State University (1983) and a MS degree in chemistry from Washington State 
University (1986); *■ 

He is an experienced chemist:with expertise In trace organic analysis using high performance liquid! 
chromatography and capillary gas chromatography. He has experience with GC/FID, GC/ECD, GC/TCD, 
GC/MS, HPLC/UV, and HPLC/Ruorescence techniques for analyses of environmental samples and samples 
obtained from biological matrices. Mr. Gieschen has in-depth knowledge of personal computer operating \ 
systems and I electrical engineering. He also has; a strong background in organic chemistry, organic 
synthesis, Fourier transform infrared spectroscopy,, nudear magnetic resonance spectroscopy, thin-layer 
chromatography, and! low-pressure liquid chromatography. 

Since Joining the Toxicology Department in 1987, ML Gieschen has had the responsibility of 
supporting several NTP projects. His responsibilities indude development, evaluation, and I implementation 
of analytical methods for chemical characterization and quantification of Inhalation) exposure test 
atmospheres. He is also involved in the designing, validation, and 1 implementation of analytical techniques 
used for bioanalytical and tbxicoklnetic studies. Since Joining the BMW; Mr. Gieschen has been Involved 
in the leadership and implementation of the analytical chemistry methods for over 20 inhalation toxicity 
studies involving more than* 10 different chemicals; These studies have measured the toxicity of these 
organic compounds; in rats and! mice using whole-body and I nose-only exposure units. Mr. Gieschen has 
also been; responsible with the development of a highly automated HPLC analytical laboratory and 
implementation of-a computerized automated on-line monitoring system. 

REDACTED 


c. Chervfvn W, Wright Ms. Wright is an Analytical/Organic chemist specialized In 
sampling, extraction, and analysis techniques for trace organic analyses of solid, liquid; and gaseous sample 
matrices. She is an experienced separations chemist with expertise In gas and liquid chromatography with 
special emphasisin high-resolution gas chromatography using fused silica capillary columns. She. has 
experience in the use of element-specific detection, as well as gas chromatography/mass spectrometry. 
(GC/MS) and GC/Fourier transform Infrared detection (GC/FT1R) for characterizing complex,mixtures and 
compounds of interest from energy-related and environmental samples, in her graduate; work, she 
developed a scheme to separate and identify sulfur-heterocydes from complex coal-liquid and shale-oil 
matrices. 


IW Pi f »lt) 
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Since coming to Battelle, Ms. Wright has had! experience in the separation, identification^ and 
quantification ©fiheteroatomic organic species in complex synthetic fuels, petroleum products, shale oils, 
diesel particulates, organic hazardous waste samples, aqueous leachates of organic matrices* shale waste 
waters, air pollution samples, and contaminated site environmental samples. She has directed the 
separation ofi coal-derived materials by chemical> class fractionation! for biological testing, as well! as 
characterizing the class fractions chemically. In addition she has directed the development-of extraction 
and analysis procedures for specific compounds of> interest from biological matrices such as urine, saliva, 
and plasma. This effort included analysis ofi plasma sampftes for nicotine and cotinine via fused silica 
capillary column gas chromatography with a nitrogen-specific detector. She has developed methods to 
monitor the stability and degradation of energy-related complex mixtures as well las specific compounds of 
Interest^ used in inhalation toxicology, studies. She has also been involved 1 in the development of innovative 
sampling, extraction, and separation techniques for organic analysis including large volume air and water 
samplings, laboratory and in-the-field supercritical fluid extraction, and capillary, zone electrophoresis. 

d. Dr. Richard N. Lee. Dr. Lee has participated in the design and implementation of 
sample collection and analysis, tasks conducted in support of several inhalation studies. This work has 
Included la key role in the development of analytical procedures for the determination of trace levels of N0 X 
in an inhalation study involving co-administration of ozone and!the tobacco-specific nitrosamine, NMK. 

Dr. Lee has been trained as an inorganic chemist and has over 21 years experience in conducting 
trace gas and'aerosollmeasurements in the ambient atmosphere. His experience includes the utilization of. 
both continuous and integrated sampling techniques for the measurements of airborne materials. He has 
also conducted precipitation chemistry studies which have involved the measurement of inorganic and 
organic species in precipitation^ These studies have focused on the acidic precipitation problem and the 
removal of hazardous organic pollutants, such as nitrobenzene and methyichloroform by rain. He has also 
developed and used special monitoring capabilities for measuring atmospheric tracer gases, hydrogen 
peroxide and volatile sulfur compounds in the atmosphere. Recently, he has been involved in trace organic 
analysis by GC/MS and sample preparation using supercritical fluid extraction. 

e. Dr. Scott D Harvev : Dr. Harvey joined'Battelle after completion of his PhD degree 
the summer of 1!988. Having pursued advanced training under two Tswett Medalist chromatographers. 
Professor R.E. Sievers (University of Colorado) and Professor MiV. Novotny (Indiana University), his primary 
interests reside in the application of highrresolution separation techniques for the isolation and identification 
of compounds in complex matrices. 

Dr. Harvey’s current interests center on the further development and application of high-resolution 
microcoiUmn HPLLC,, micellar electrokinetic capillary chromatography, and electroosmotically driven 
microcollimn HPLC techniques for studying the impact of environmental pollutants on biological systems. 
Specific interests include the delineation of metabolism associated with the detoxification of xenoblotic 
pollutants in plant: systems and the ultratrace analysis of DNA adducts that result from environmental 
exposure to carcinogens. Carbon-fiber amperometrie and semiconductor laser-inducedi fluorescence 
detectors are undbr development to allow attomole -detection of : DNA adducts. Related I pursuits include 
mlcrocolumn HPLC Isolation of: a variety ofi natural products arising from pihnt secondary metabolism 
(alkalblds and taxanes). These endeavors Include multidimensional techniques and strategies for the 
resolution of enantiomeric forms which are often encountered in metabolic products. Dr. Harvey will 
participate in the protein/DNA adduct studies. 

5. Exposure Technology Personnelf-J.R. Decker. BlJ. Greenspan. H.Si DeFord. and N.E. 

Eollmez-Revnoldk 

ai Mn John R: Decker Mr. Decker Is the Technical Group Leader of the 
Bioengineering and Exposure Technolbgy Group in the Toxicology Department He holds a BS degree in 
Electrical Engineering from Colorado State University. Since joining Battelle In 1969, he has been 
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Instrumental In the development of a multitude of generation and monitoring systems for Inhalation 
toxicology studies of aerosote, vapors, and gases; including cigarette smoke, radionuclidb aerosols, fly ash, 
volcanic ash; .military obscurants, pharmaceutical aerosols, diesel lexhaust, and a multitude of organic vapors 
and iinorganlc aerosols. He has dteveloped systems for monitoring and controllingithe environment of animal 
exposure chambers. He has also developed several pulmonary function [analysis instruments especially for 
small-animal studies. He contributed to the development of boththe whole-body and nose-only exposure 
chambers: presently used at Battelle for inhalation itoxicology studies, 

Mh Decker engineered the automated data acquisition and control systems that monitor and control 
the basic Inhalation test system functions including chamber airflow, vacuum, temperature^ relative humidity, 
and chemical concentration. 

b. Dr. Bernard 1 Ji Greenspan . Dr. Greenspan is the Technical Group Leader for the 
Aerosol and Inhalation Research Group in the Toxicology Department He holds a BA with honors in 
Physics from Clark University and!an;MS and PhD in Biophysics from the University of Rochester Medical 
Center.. Since joining BMW in 1985, he has been the exposure task leader for numerous aerosol and vapor 
inhalation exposures for MTP and pharmaceutical clients. 

Imaddition to his work on inhalation toxicology, Dr. Greenspan iis also Involved fntbe design of new 
generation and delivery systems for pharmaceuticali aerosol^. 

Ptiorto joining the staff at Battelte;Dr Greenspan studied the toxicity of lithium combustion aerosol^ 
and the deposition and clearance of beryllium aerosols at the Lovelace Ihhalation Toxicology Research 
Institute in Albuquerque;, New Mexico. 

From 1981 to 1983; he: was a Staff Scientist In the Inhalation Department of Union Carbide 
Corporation’s Bushy Run Research Center In Export, Pennsylvania. He-was responsible for the design of 
aerosol 1 and vapor exposure systems, 

c. Mr. Henry S. DeFord . Mr. Henry S, DeFord Is currently the Bioengineering andi 
Exposure Technology Group Inhalation Exposure Engineer in the Toxicology Department. He holds a BS 
degree in Microbiology from the University ofiWashington and has studied engineering at Washington State 
University. Since joining Battelle ini1976, he has worked on the development of many test article generation) 
and monitoring systems for inhalation toxicology studies of aerosols, vapors, and gases. He has designed 
components for monitoring andt controllingi the: environment of animal exposure chambers. He has also 
been involved! in the development of proprietary equipment and l provides engineering: support for non- 
inhalbtion research projects, 

Mr.DeFords experience includes first-line supervision of daily exposure tasks as well as supervision 
of the design; purchase, and construction of exposure system components. He has worked! closely with 
Mr. Decker in the design and development ofi inhalation exposure control systems at BNW.. 

d: Dr Nazi! Eollmez-Revnoids . Dr Egilmez-Reynolds joined BMW In 1992 as a Senior 

Research Scientist in the Aerosol and Inhalation Research Group in the Toxicology Department. She holds 
a BE In Chemical Engineering from Aegean University in Izmir, Turkey, and a MSc and PhD in Chemistry 
(specialized In Aerosol Science) from Essex University in Colchester, , England. She was also employed as 
a research worker for two-years In Essex In the Aerosol! Laboratory of Prof. C.M. Davies where she 
developed and characterized a nanometer aerosol generator and!performed coagulation experiments using 
monodisperse and mixed aerosol systems. Hen work developed the theory of coagulation of fine particles 
whichiwas published In the Proceedings of Royal Society of London in 1982. 

From!l983 to 1987, she worked as Research Scientist in the Product Research Group of the British- 
American Tobacco Company, Research and Development Center in Southampton, Engt&ndl She was 
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responsible for the Aerosol Laboratory and acted as the Chief Aerosol Scientist for the BAT group worldwide, 
coordinating research with associated laboratories In Louisville (US), Hamburg (Germany) and (Montreal) 
Canada She developed land!executed work programs on aerosol generation and behavior inside cigarettes, 
filters and human upper airways and participated In the Environmental Tobacco Smoke studies. 

She worked as an independent Consultant on Aerosol and Tobacco Smoke between 1987 to 1992 
and taught Chemistry as a Visiting Assistant- Professor in the Chemistry Department of the University of 
Louisville between 1988-1991. 

Since joining BNW last October, she has been the exposure task leader for three aerosol exposure 

studies. 

6. Inhalation i Technology 

a. Inhalation Exposure Specialists . The Inhalation Exposure Specialists aid In design, 
supervise construction, and aid in testand evaluation of both hardware and software for inhalation exposure 
systems. They aid in generation, verification, validation, and the dbcumentation for these systems. They 
train; supervise and schedule the activities of the: Exposure Technicians in the routine operation; 
maintenance. and calibration of the exposure systems and in quality control activities. They are responsible 
for the daily review of exposure and environmental data and for assuring that Good Laboratory Practices 
are followed in the conduct of data collection. The Exposure Specialists aid! in the compilation.of data 
reports and in preparing technical! Input for proposal^ and scientific publications. 


Name 

Title 

Years of 
Experience 

U Rorek 

Inhalation Exposure Specialist 

10 

WC Forsythe 

Inhalation Exposure Specialist 

! 13 

EJ Rossignol 

Inhalation Exposure Specialist 

19 

RE Osantowskl 

Inhalation Exposure Specialist 

1 

KUng 

Inhalation Exposure Specialist’ 

1 


b. Engineering Specialists 

The Engineering Specialists aid In the detailed electrical and 1 mechanical design, supervise 
construction, and aid In test and evaluation of the exposure data acquisition and controls systems; The 
engineering specialists write, document and verify software for data acquisition and data analysis; provide 
routine maintenance and troubleshooting; prepare SOPs, and contribute to reports, proposals, and scientific 
publications. 
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Name 

Title 

Areas ofResponsibility ■ 

Years of 
Experience 

EG Kuffel 

Electronics Specialist 

!i 

Design, fabrication^ testing,, 
i maintenance of automated data’ 

! acquisition systems for all NTP 
studies. 

20 

RD Swannack 

1 Computer Program 
! Specialist 

Computer programming for data 
acquisition and data analysis for 

NTP studies. 

11 

VW Van Zandt 

Computer Program 
Specialist 

Computer programming for data 
acquisitionand data analysis for 

NTP studies. 

lit 

GA Hayden 

M echanics Special 1st 

; Design,.fabrication, testing, 
maintenance of exposure 
mechanical systems 

6 


c. Inhalation Exposure Technicians 

The Inhalation Exposure Technicians are responsible for the daily control of the test article 
exposure; routine maintenance and calibration of the exposure equipment; andl routine recordkeeping 
according to Good Laboratory Practices. 


Name 

Title 

Years of 
Experience 

GR EIIS 

Inhalation Exposure Technician- 

13 

EM Milliman 

Inhalation Exposure Technician 

23 

RD^ Devoir 

Inhalation Exposure Technician 

3 

RV Ulienthai 

Inhalation Exposure Technician 

3 

R Rodriquez 

Inhalation Exposure Technician 

3: 

KFTarr 

Inhalation Exposure Technician 

6 

RP de ih Bretonne 

Inhalation Exposure Technician 

1 1 

NZ Hertelendy 

Inhalation Exposure Technician 

| 1 

CK Miiiially 

Inhalation Exposure Technician 

1 

DL Bowers 

Inhalation Exposure Technician 

1 

SF Conley 

Inhalation Exposure Technician 

1 


7. Laboratory Animal Medfcine-SlE. Rowe 

Dt Stephen E. Rowe has a BS degree In Agriculture (biochemistry option) and! a DVM 
degree from Purdue University, and an MS degree in Patholbgy from the University of Michigan: He Is a 
Diplomate of the; American College of Laboratory Animal Medicine and has 25 years of experience in 
laboratory animal! medicine; 20 of those years have been at BNW. Prior to that, he completed a 2 14 year 
training program in laboratory animal medicine at the University of Michigan where he received training and 
experience In the diagnosis of rodent diseases by clinical observation, by gross and histopathologic 
examination, and by laboratory culture and testing. Before that he worked as an Investigator on a variety 
of toxicology studies and directed animal care operations at the U.S. Army Environmental Hygiene Agency. 
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Dr. Rowe initiated a capability in clinical microbiology at BNW in 1975 and has supervised this 
function since that time. He has had the responsibility for and much experience in the preparation of barrier 
procedures for the exclusion and control of infectious agents. During his 20 years at Battelle, he has 
provided guidance and oversight for the varied animal I care and use activities at the Laboratory. 

Dr. Rowe wilii closely monitor the health of the animals assigned to these studies and will interact 
with the Pi, the Animal Resources and Toxicology Staff* and other personnel assigned to the studies to 
assure that feed and water quality* sanitation, barriers and environmental conditions are properly maintained. 
He will also monitor the' quality of animal! care activities and ensure compliance with animal welfare 
regulations. 

8. Healthiand Safety Officer-JY. Youna i 

Mr. John Y. Young t received his BS degree in Preventive Medicine-in 1971 and his MS 
degree in Public Health (Industrial! Hygiene) in 1980, both from the University of Washington, Seattle, WA. 
Mr. Young is a Diplomate of the American Academy of Industrial Hygiene, certified in the Comprehensive 
Practice of Industrial Hygiene; a Diplomate of the American Academy of Sanitarians, and is a Registered 
Sanitarian with both the National I Environmental Health Association and the Board: of Registration of 
Sanitarians in Pennsylvania. 

Before joiningi Battelle, Mri Young had spent 20 years with i the U.Sa Army as an Environmental 
Science Officer specializing In industrial hygiene. 

Mr. Young is responsible for the planning and; execution of an Environmental, Safety, and Hearth 
(ES&H) Program in support ofthe research contracts related to chemical exposures. Mr. Young represents 
the Toxicology Department on ES&H issues, and ensures that all research activities are in compliance with 
OSHA, EPA, and other relevant regulations. Additionally,, Mr. Young is also invotved in individual research 
projects within BNW, working on toxicolbgic evaluation and exposure assessment ofi potentially hazardous 
vapors in underground storage tanks on the Hanford site. 

Mr. Young will oversee the proper planning and execution of an ES&H program in support of the 
proposed research program, and provide input to research scientists in industrial hygiene evaluation and 
control, workers' protection, and I environmental pollution prevention. 

9. Quality Assurance Officer-R A. Gelman and M.G. Horstman 

Ms. R. Ann Gelman supervises the activities of the QA Unit She reports directly to the 
Manager of Operations of the Life Science Center 

a. R. Ann Gelman. Ms: Gelman received her BiS. degree in Foods and Nutrition from 
Carnegie Institute of Technology in 1960: and: an MS degree in Nutrition in 1965 from-the University of 
Pittsburgh: Itoher present position (QA Unit Specialist GLP Office), she Is responsible for, ensuring that 
projects conducted under GLP regulations for nondinieal laboratory studies are in compliance with those 
regulations. She is also responsible to management 1 for 1) ensuring that the research facility is in 
compliance with GLP’regulations, 2) auditing and surveillance activities, 3) assisting Project Managers in 
setting up GLP procedures and documentation for their projects, and 4) assisting auditors from clients or 
other agencies during i facility and project inspections. 

Prior to assumingithe QA Unit:Senior Specialist' position, Ms. Gfeimamwas, for 5 yearn, a Research 
Assistant in the Biology and Chemistry Department, assisting in studies of the toxicology of inhalbd fossl- 
fuel-related carcinogens. Previous to that she was a Senior Research Assistantfor 8 years, supervising a 
group specializing in the biochemistry of trace; lipids. Ms. Gelman has 12 years; of experience reviewing 
toxicity studies conducted! under the GLP regulations. 
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b. Michael 6. Hbrstman . Mr: Horstman earned; B.S. degrees In Zoology and Blolbgy i 

lh 1979; and an M.S. In Pharmacolcigy and Toxicology In 1987. ML Horstman was a Scientist in the 
Toxicology Group wlthintthe ToxIcoIbgy Department ^4 years. He had previously worked 2 years as a 
Technical Specialist In the Biology and Chemistry Department at BNW. He has; extensive laboratory 
experience in mammalian toxicology and the study of molfecular mechanisms of toxicity, particularly 
metabolic activation and macromolecular adduction processes. This also includes experience in a variety 
of laboratory analytical methods. 

In his present position, ,Mn Horstman helps to assure management that the facilities, equipment, 
personnetmethods, practices* records, and controls are in conformance with GLP regulations; His duties 
include surveillance of study procedures, data audits, reviews of Final Reports, as well as assisting the Lead* ! 

QA,Officer during facility and project inspections from clients andiother. agencies. 

C. OTHER SENIOR PERSONNEL 

1. Dr. Richard P. Schneider 

Richard P: Schneider obtained his B. S. in Biolbgy from Kent State University and his Ph.D. \ 

in Animal Physiology from Washington State University in 1968. Hb has been themanager of the Molecular 
and Structural Biology Section since 1980. In this capacity he has 13 years of experience in carcinogenesis 
and mutation research. For the past 6; years he has been using molecular biology methods to identify j 

mutation in oncogenes and tumor suppressor genes. This includes all of the methods needed ;for the Blue 
Mouse assay including: DNA extraction, bacteria and X phage culture, phage plaque selection, molecular 
cloning imphagmidS, polymerase chain reactions and DNA sequencing. Dr. Schneidbr is well qualified to j. 

lead; this task. 

2: Dr. David L Springer 

j; 

Dr. Springer has a BS Ih Generali Studies (Biology and Chemistry) and a> PhD in; ; 

Biochemistry from the University, of Idaho. Additional training as a Research Associate (post-doc) was 
obtained from the Department of Agricultural Chemistry at Oregon State University, Dr: Springer joined BNW I 

in 1979 and is a Staff Scientist in the Biology and Chemistry Department. Dr. Springer is a Diplomate of the l 

American Board of Toxicology and a member of the Society of Toxicology. 

Dr, Springer has 15 years experience in biochemical toxicdbgy with emphasis on the mechanisms 
whereby organic materials contribute to tumor development This experience includes metabolism, 
metabolite Isolation and structural characterization, the enzymology of Phase 1 and Phase 11 reactives, and 
DNA/protein addisct isolation and characterization. Currently, Dr. Springer is funded! by DOE/OHER to 
study the influence of bulky chemical adduct for chromatin structure and gene expression, Dr. Springer will 
conduct the enzyme assays and participate in the protein/DMA adduct studies: 


D. ADDITIONAL PERSONNEL 
i- .ctini cai Pathc foqv 

ai Supervisor-C.Q. Rtimsos . Ms. Claudia O. Romsos is a Technical Specialist l( In the 
Clinical Pathology Group of the Toxicology Department She joined the staff ofi BNW in April 1983. She has 
an AA degree from Boise Junior College (1959), a BA degree from Eastern Washington State University 
(1986), and attended Sacred Heart Medical! Center School of ! Medical! Technology (1959-1960). She 1$ 
certified by ASCP (I960) as a Medical Technologist She has held numerous positions In the Washington 
State Society for Medical Technology. 
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Pfiorlo Joining BMW, she worked at a local hospital and In an out-patient laboratory. In the Richland 
area (1960-t983)i She has 30 years of experience and has trained In all aspects of the clinical laboratory. 
She functions as the CJinlcaliLaboratory Supervisor. 





Years of> 

Name 

Title 

Areas of Responsibility 

Experience 

DL Redetzke 

Clinical Technician; MT (ASCP) 

Hematology; clinical chemistry; 
urinalysis; & special!assays 


KH Debban 

Technical Specialist; MT (ASCP) 

Hematology; clinical chemistry; 
urinalysis; & special!assays 

REDACTED 

SLL Martell 

Technical Specialist; MT (ASCP) 

Hematology; clinical chemistry; 
urinalysis; & special assays 

- 

AE Jarrell 

Technical Specialist; MT (ASCP) 

Hematology;, clinical chemistry; 




urinalysis; and special assays. 

ii zzD 

MM Jones 

Technician 

Blood collection 


CM Abraham 

Technician 

Blood collection^ 


JJ Wbdtli 

Technician 

Blood collection! 

REDACTED 


2. Program Administration 

a. Department Administrator-P.S; Ruemmler- Ms. Patriciat Si Ruemmler is the 
Department Administrator for the Toxicology Department She received her BA degree from Mills College, 
Oakland, CA, with a major In Biolbgy. Ms: Ruemmler is responsible for monitoring financial and contractual 
performance, Including tracking contract modifications and updating/revising the work breakdown structure. 
She maintains milestone schedules and assists the PI in keeping Line Management and the Sponsor 
informed of potential or existing problems with those schedules; She coordinates ail technical and business 
requests for proposals with the technical staff. . BMW finance, and contracts departments. Ms. Ruemmler is 
responsible for supervising ail the activities of the Inhalation Toxicology Program Office. These activities 
include records management, coordination of monthly reports, maintenance of milestone and deliverable 
schedules and the archftringsand shipping of study data. Prior to assuming this position, she served as a 
QA Auditor in the GLP QA Unit of the Life Science Center where she was responsible for ensuring that 
projects conducted under GLP regulations for nondinicaJ laboratory studies were in compliance with those 
regulations. She has worked at BMW since 1972 and has an extensive background in many technical areas. 
Prior to that she was a technician imthe Molecular and Cell Biology Section of the Biology and Chemistry 
Department for 7 years where she assisted ion narcotic antagonist* studies. Iron chelating studies, and on 
numerous metabolism studies on actinide absorption in both adult andneonatal rats, dogs, guinea pigs and 
Hanford! miniature swine: 
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Name 

Title 

Areas of Responsibility 

Years of. 
Experience: 

AM Busselman 

Administrative Assistant 

Financial support updating monthly 
budgets and cost dttaite; malntainingi 
labor matrices and other project 
management spread sheets ~ 


LJ Eberhart 

Senior Clerk 

Typing, mailings, duplicating, and: 
general clerical support for staff 


ME MBricka- 

Sr. Administrative Assistant 

Document processing, recordkeeping, 
technical editing, and report compilation 


BJ Van Zandt 

i 

Sr. Administrative Assistant 

Generating milestone schedules; 
monitoring study events; archiving study 
records; records management; 
coordinating Monthly Report* 

if s, 


3; Toxicology 

a. Lead Spedalfst-^J.T. Pierce . Ms. Judy T. Pierce Is a Technical Specialist III in the 
Inhalation Toxicology Technical Group within the Toxicology Department She joined Battellb in the Animal i 
Resources Group In 1977,. and was promoted to Technical Specialist-In 1987. She earned her Bachelor’s 
degree from the University of-Idaho in 1977, and holds certification as a Laboratory Animal Technician 
through the American Association for Laboratory Animal Science.. As Lead Technical Specialist she is 
responsible for training and supervising other Toxicology Technical Specialists, and! Technicians in the 
Inhalation.Toxicology Technical Group. Routinely, she monitors.study progress, performs in-Hfe^clinical 
observations, and reviews in-life data printouts. She also assists in-protocol, SOP, and study report 
preparation. 


Name 

Title 

Areas of Responsibility 

Years of 
Experience 

DL Bove 

Toxlcdbgy Specialists > 

Supervise & train technicians; coordinate 


JC Blessing 


schedules; prepare SOFs & reports; 

S** t ** 9 *■*. , 

■W ' ■> „ K A 

TM liuders 


perform inJife dinicaJ observations & 
review in-life data 



41 Xvbion Path/Tox Computer Software 

_ ^ a. Assistant System Manaoerr-J.C. Blessing . Mr. Jbhn C. Blessing Is a Technical 

Specialist II in the Inhalation Toxicology Technical sGroup within the ToxicologyDepartment He joined BNW 
in the Animal I Resources Group in 1986 and was promoted to Technical Specialist in 1989. He earned his 
BA degree from Washington State University in 1985 and: holds certification as a Laboratory Animal 
Technician through the American Association>for Laboratory Animal- Science. 

Mr. Blessing has 7 years ofi experience with-the Xybion Path/Tlbx computer software and has 
participated in a-variety of capacities in data collection. He is currently the designated Assistant System 
Manager. As the Assistant System Manager, he assigns operator privieges, trains and assists technicians,, 
toxicologists, and! pathologists In their use of the software, arid assumes overall'responsibility for records 
maintenance, general diagnostics and remediation, software validation, and correspondence with Xybion 
- Medical Systems. 


mo <m r w p m i> 
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5. Animal Resources 

a. Supervisor-AP. Wanner, . The Animal Resources Group Is lead by Ms. AJison P. 
Wagner. Ms. Wagner has an Associate of Science In Veterinary Technology, degree from Pierce College: 
She has 6 years of experience Im laboratory animal care at BNW. Ms. Wagner has been LSL4I Animal 
Resources Supervisor since; August 1992 and! prior to that, was Assistant Supervisor for the facility for 
2 years: Before that, she was an Animal Resources Specialist Her duties Indude supervising and training 
technicians, coordinating schedules, directing facility maintenance and!animal care, and preparing SOP’s 
and reports. 

Ms- Wagner supervises the activities of 24 technicians. Six of these people have 17 or more years 
of experience in laboratory animal care at BNW. Seven of these individuals are American! Association of 
Laboratory Animal Science (AALAS)rcertified Laboratory Animal Technicians; two are AAliAS-certified 
Assistant Laboratory Animal Technicians. 

The Animal Resources Staff provide for the daily care andlroutine daily observation of the animals. 
They also interact doseiy with the toxicology staff and the exposure staff.. They assist: with the collection 
of dinical' observation and!weight data; tattoo the animals; maintain sanitation throughout the facility; and 
wash and changeout racks, cages and related equipment 
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Name 

Vti Dedmond 
GL Miller 
- PA Pierce 
DC Shydter 
FL Wallace 


_Title_ 

Senior Animal Technician 
Senior Animal Technician 
Senior Animal Technician 
Senior Animal Technician! 
Senior Animal Technician« 


Areas of Responsibility 

Daily check for moribundity & 
mortality; daily animal husbandry 
procedures; animal I facility sanitation; 
clinical observations; bodyweights 


Years of 
Experience 



CM; Abraham 
JE Caldwell 
SW Chase 
MS Cockbuirv 
JT Dvorak 
SF Harris 
MM Jones 
DR Kimsey 
JP Rogers 
MA.Skogley 
SU Stewart 
SA Webb 
JJ WodtJI 


Animal Technician 
Animal Technician 
Animal Technician 
Animal Technician 
Animal Technician 
Animal i T echnician 
Animal 1 Technician 
Animal 1 Technician 
AnimaliTechnician 
Animal iTechnlcian 
Animal iTechnician 
; Animal iTechnician 
i Animal Technician 


SABreier. 
EOCox 
B Gillard 
CR.Hellanid 
PM Kopf 
JW Short 


Animal Technician 

(new 

hire). 

! Animal Technician 

1 

(new 

hire). 

| Animal Technician 

(new 

hire) 

Animal Technician 

(new 

hire) 

Animal Technician 

(new 

hire) 

Animal Technician 

(new 

hire) 


REDACTm 


REDACTED 


REDACTED 

.REDACTED 


6. Veterinary Services 

& Veterinary Service Specialist-K.H, Debban . The animal health program is directed 
by Dr. S.E. Rowe^. a Dipiomate of the American College of Laboratory Animal Medicine. Dr. Rowe is 
supported in the laboratory by Ms. Kathryn H: Debban, anASCP-certified Medical Technologist with 24 years 
of experienced medical technology. She has worked asia medical technologist for BNW since 1975.and 
has worked In the veterinary seivices diagnostic laboratory since January 1991. 

Also available; on a. call-in basis is Ms. Kimberly G. Pauly. Ms. Pauly is also an ASCP^certifled 
Medical Technologist She has 6 years of experience in medical technology. 

Both Ms. Debbantand Ms. Pauly are experienced and qualified to do serological testing for viral 
antibodies,, culture and identification of bacterial pathogens, and water culture and (monitoring techniques. 
They are Involved with nearly all aspects of the health care program Including preexposure health screening, 
testing sera for viral antibodies, drinking water quality monitoring, and report preparation. The veterinary 
.services laboratory participates in the Rockefeller University QA program in serology and!bacteridbgy for 
laboratory animal diagnostic laboratories. 


>«o 
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7. PathdQQV 

a. Necropsy and Histology SupervIsoMCM. Gideon, Ms,.Katherine M. Gideon is a 
Senior Technical Specialist inthePathoIbgy Groupof the ToxicoiDgy Department She joined the staff of> 
BNW in October 1980. She has an>AA degree from Spokane Falls Community. College (1976), attended! 
Sacred Heart Medical Center School of Histologic Technique (1976-1977), and was certified sby the American 
Society of Clinical Pathologists .(1977) in the field of histology. She is the president of the Washington State 
Histology Society and has presented several posters, workshops and lectures at state and national meetings 
imthe field of veterinary histology and techniques. 

Prior to joiningiBNW, she; worked at Sacred Heart Medical Center, Spokane, WA (1976-1977), 
Pathology Associates, Spokane, WA (1677), and Washington Animal Disease Diagnostic Laboratory, 
Washington State University. - Pullman, WA (1977-1980). She has IS years of experience In histology arid 
has trained: in ail aspects of technical procedures of ibistdogy and necropsy/ She functions as the Histology 
Laboratory Supervisor in coordinating! efforts with histoiogy/necropsy technicians in performing the duties 
of necropsy, trimming, slide: preparation,.and repository shipping. 


Years of 


Name 

Title 

Areas of Responsibility 

Experience 

SM Baze 

Necropsy Supervisor 

Necropsy; IANR data entry 
& review 


TA Breier 

Histoiogy/Wecropsy. Tech. 

Histoiogy/necropsy; 

REDACTED 

AL Reed 

Histology/Necropsy Tech. 

technicians are cross- 

TS-Bisson 

Histology/Necropsy. T ech. 

trained iand able to perform 


RF Flores 

Hlstoiogy/Necropsy Tech. HT 

duties in both areas 


HW Hill 

(ASCP) 

(histology & necropsy) 


MD Littleton 

Histology/Necropsy Tech. 

depending on > the situation. 

REDACTS! 

BG Moore 

Histology/Necropsy Tech: 



MA Pope 

SJ SchmaJjohn. 
JD Steams 

KG StUdnlski 

Hlstoiogy/Necropsy Tech; HT 
(ASCP) 

Histdogy/Nfeeropsy Tech;. 
Histology/NecropsyTech. 



RM Falfweather 

Histoiogy/Necropsy Tech. 



LA Wisse 

NS Marvin 

JL Darnell 

SV Hall! 

WA Holstein 

DA MiDman 

MR Moore 

Histolbgy/Necropsy Tech. 
Histdogy/Necropsy Tech. 
Hlstoiogy/Necropsy Tech. 
Histology/Necropsy Tech. 
Histology/Necropsy Tech. 
Histology/Necropsy Tech. 
Histology/Necropsy Tech. 


REDACTED 

^ l*** .» kA 

K Goodey 

Histology/Necropsy Tech. 
Histology/Necropsy Tech. 
Hlstoiogy/Necropsy Tech. 
Histology/Necropsy Tech. 

- 

«EDftCT&0 


8. Chemistry 

a. Chemistry* Specialists . The Chemistry Specialists are responsible for the setup; 
optimization, and maintenance of a wide variety of chromatographic andspectrophotometric instrumentation: 
They perform firstreehelon data review as well as production)of Standard Operation Procedures for routine 
operations. They train, supervise,.and schedule the activities ofithe Chemistry Technicians in the operation. 
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maintenance, and calibration of the exposure monitoring systems and in the performance of special, studies l 

such as chemical stability studies, toxicokinetic or. bloanalyticai studies. The Chemistry Specialists are 

responsible for modification erf instrumentation to perform: special analytical operations (typically on-line 

exposure monitoring). The Chemistry Specialists; coordinate routine and nonroutine tasks with other j 

technical, groups,. They are responsible for assuring that Good Laboratory Practices are followed in the 

conduct of data collection. The Chemistry Specialists are responsible for the compilation of reports and in 

preparing technical Input for proposals and! scientific publications. 


Name 

DJ Anderson 


BK Hayden 


RE Hteubar 


AD Marcy 


KM Mai linger 


RJ Mbora 


Specific, Pertinent Study Experience 


Year* of 
Experience 


Prechronic studies of gJuteraldahyds. Prechronic and chronic studies of Ozone i. Ozone 
on-Un* monitoring by UV ape ctr op ho tom* ter. Experienced! with GC, GC/MS, I CP-AES, 
HPLC instrumentation and method* development. Prechronic and chronic studies ipf 7_ 
vapor studies. Prechronic and ichronic studies; of 7 pharmaceutical studies with GC and 
HPUG support. Assisted with 2-butoxyathanol metabolite studies. 

Prachronic and eubcHronic studies on meinstr#am:tobaoco smoke. Prachronic 
humectant studiaa in eupport of tobacco rasaaroh. Liquid aerosol studies in support of. 
tobacco research. Sponsor submitted plasma samples for determination of nicotine end' 
cotinina in support of tobacco research. Experience includes;: exposure atmosphere 
assessment for nicotine, humsctents, and liquid aeroeols; chromatographic determination; 
of percent cerboxyhamoglobin from hamster blood; chromatographic determination of 
nicotine end cotinina in animal blood. Chemical constituent measurements for solvent 
refined coeland shale oil studies. Experienc* includes; chemical daee fractionation; 
chromatographic identification and quantitation; physical 'properties meesurernents. 
Prachronic. subchronic, and chronic studies of 9 ‘organic vapor studies. Prachronic ttody 
for GaAs. Prachronic, subchronic, end ^chronic studies of 9 pharmaceutical studies. 
Experienced with GC/MG, GC. LC.JCP-MS, instrumentation and methods development. 
Bioanetyticsl measurements of parent end metabolite compounds in blood and urine from* 
animals exposed to styrene, acetone; acetonitrile.. 1 -nl tropyren* j andifurfuryf alcohol: 

Prachronic, subchronks and chronic atudiaa of 5 inorganic duet studies. Chronic studies 
with biological assays for Mo0„ GaAs end Ge^O, by 1CP-AES end GFAAS^ Experienced 
with ICP-AES, G FA AS/A AS, and GC instrumentation and methods development. 
Prachronic end chronic studies of 9 pharmaceutical studies with HPLC support: Assisted 
in 6 vapor, studies. 

Prachronic studies of Gallium Arservidbj ICP-M5 support for bioanalytlcal assays of Uadi 
Experienced with 1C,. FA AS. ICP- AES* ICP-MS instrumentation end. methods 
development.. 



REDACTED 


Prachronic end aubchroncc studies on mainstream tobacco smoke. Prachronic 
Humectant studies in support of tobacco research. ExperienceincJudes:.exposure 
atmosphere assessment for nicotine^ Prachronic. tubchronic;end chronic studies of 6 
organic vapor studies. Prechronic, subohronic, and chronic.studies for 5 inorganic dust 
studies. Experienced with IGP'AES, GFAAS and FA AS instrumentation and methods 
developments Alio experienced with IR, GC, UV-VIS and titrimatric methods. 

Bio analytical measurements of parent'compounds in blood, urine andtissue# from 
animals exposed to GaAt, MoO^ Ga^CXj, CdO, and InP. Radtoanalyticaf maaeuramenta ie 
support of radiolabeled aerosol.drug study. Experienced with Semple Oxidizer end 
Scintillation .Counter. 

Experience in operation and applications development, for the following instrumentation: 

GC. GC/MS, ,HPLC, andiLSC. Experience in operation of the following instrumentation; Ip'A£YX£0 
ICP- AES,. GFAAS and FA AS, Lead specialist for 2 chronic vapor atudiaa. Assisted in TO '*”***' 
chronic-vapor end 5 chronic duet studies. Further experience includes: analytical 
methods development for pharmaceuticals and pesticides, instrumentation modification* 
for vapor analyses, and assistance in metabolite studies. 
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b. Chemistry Technicians. The: Chemistry Technicians perform routine sample 
preparation and analysis following written analytical procedures. They perform data workup and routine 
report generation. They, assist In the implementation of new analytlcal methods,.method development and 
the development ofi procedures for special studies such as chemical stability studies, toxlcoklnetlc, and 
btoanaiytlcall studies. The: Chemistry Technicians are involved In the: maintenance of analytical 
Instrumentation, maintenance of test material Inventory, and procurement of necessary supplies. They are 
responsible for routine recordkeeping according to Good Laboratory Practices: Due to a program of 
aggressive cross-tralhlng, each chemistry technician is capablB of performing almost' every technician task. 
As a result; technlclansare not normally assigned primary responsibility for a particular study. 


Name 


Years of 

Specific, Pertinent Study Experience_ Experience 


SA Barradough Assisted with 14 ! day and 3 month mainstream smoke studies In rodents. 

Assisted with gJUtaraldehyde prechronic studies. Assisted!In over 12 
prechronic and chronic vapor studies: ... .. . 


SLCrowner 


HA Droppo 
BOMadsaac 
LL Read 
KK Waltz 


Assisted 1 with Isoprene and isobutene prechronic and chronic studies. 
Assisted In 6; prechronic and chronic vapor studies. Assisted ini 
prechronlc radiologic pharmaceutical studies. 

Assisted with prechronlc radiologic pharmaceutical studies. Assisted in 4 
prechronlc and chronic vapor and dust studies: 

Assisted wlth:8 prechronlc and chronic pharmaceutical studies.. Assisted 
In 2 prechr onlc vapor studies. 

Assisted with Isoprene and isobutene: prechronlc and chronic studies. 
Assisted with 4 prechronlc andl chronic pharmaceutical studies. 

Assisted with Isoprene and Isobutene prechronlc and chronic studies. 
Assisted with furfuryf alcohol and 2-butoxyethanoi urinary metabolite 
studies. Assisted In 4 vapor and dust studies, .Assisted in 3 prechronic 
and chronic pharmaceutical studies. 
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ix: w m omfom a m 

For purposes of scheduling land I cost estimates; It has been assumed that the contract will be 
awarded January 1,1994,. 

Milestones have been set to provide:for adequate staffing and $cheduling;of the exposure rooms; 
exposure starts, and necropsies (shown on pp. JX-2 and IX-3), The time estimates and cost estimates are 
predicated on the following assumptions: ability of anima!>suppl!ers to deliver, on time, the required number 
of mice;; onttime arrival of the test article; and! final experimental design specifications and toxicologic 
parameters to be determined do not differ significantly from those In this technical proposal. 
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provideinhalatidn toxicity studies of CLIENTS: proprietary product 

MILESTONE SCHEDULE 


| CONTRACT AWARD 

1 2/31/93 II 


CONTRACT START 

1/1 /94 


Systems design and! parts procurement: 

Pilot Study 

Jan-1994 (4 months) 

Mar-1994 (3. months) 


Construction generation, distribution, monitoring and exposure systems 

START PHASE 1 

Sponsor Review/Approval Rrestart Reports, order, animals 

May-1994 (6 months) 
Nov-11994 

Mhy-1995 



lao^DAY - For-Nose Only 


START EXPOSURE 

Aug-1995 

— 

TERMINAL SACRIFICES 

Oct-1995 


Submit Reports to sponsor 

Jul-1996 

—* 

Review Reports ands approve carcinogenicity study 

Aug-1996 (6> months) 



ICARCINOGENIC - For-Nose Only 


START EXPOSURE 

Mar-1997 


— 

Respiratory Minute Volume 




6 Months 

Sep-1997 



12 Months 

Mar-1998 


*— 

H8 Months 

Sep-1998 



23 1 Months 

Feb-1999 



Garb oxyhemoglobin of the blood 




6 Months 

Sep-1997 



12 MOnths 

Mar-1998 



18 MOnths 

Sep-1998 



23 MOnths 

Feb-1999 



Nicotine, and nicotine metabolites: in the urine 



_ 

6 Months 

Sep*1997 



12 Months 

Mar-1996 



18 Months 

Sepi-1998 

ro! 


23 Months 

Febi-1999 

a 

ro 

03 

Os 

CO 


Particle clearance from the lungs 

2 times/study 


Lung Burden; 

15 Months 

Jun-1998 

UTl! 

CO. 

j: 


18 Months 

Sep-1,998. 


-■ 

Differential blbod cell count: 




Terminal Sac 

Mb r-1999' 




MO'OH r r « fM «t)' 
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PROVIDE INHALATION TOXICITY STUDIES OF CLIENTS PROPRIETARY PRODUCT 

MILESTONE SCHEDULE 

ICAflciNOOENIcT For^Npse Only, (conlinued) ~ ~ 


INTERIM REPORTS 


12 Months 

Maf-1998' 

1iB Mbnths 

Sep-1998' 

TERMINAL SACRIFICES 

Mbr-1999 

REPORT DUE 

Feb-2000 

Manuscripts for publication preparedi and approved 
by. sponsor and submitted to journals 

A'ug-2000 

Archive materials submitted to sponsor 

Dec-2000 


ro 

CD 

ro 

00 

on. 

CO 

cn 

CO 

-C 

x 


100, (m > wn> ii)' 


IX ^ 1 


1 "Use or disclosure of proposal data 
| is subject to the restriction on 
the Title page of this Proposal, 11 


Source : https ://www.industrydocuments.ucsf.edu/docs/xslmOOOO 















































BATTELLE-NORIHWEST 


X. REFERENCES 


American Conference of Governmental Industrial Hygienists (ACG)H). 1992. Threshold Limit Values for 
Chemical Substances and Physical Agents and Biological Exposure'indices. ACGIH, Cincinnati, OH. 

American Industrial Hygiene Association. 1991. A Strategy for Occupational Exposure Assessment, NC 
Hawkins, SK Norwood! andiJC Rock (eds;). American Industrial Hygiene Association; Akron, OH. 

Baker, RR: and Proctor; CJ* 1990: The origins properties of environmental tobacco smoke: Environ 
Int 16:231-24Si 


Brunnemannj KD, JE Cox, and D Hoffmannj 1992. Analysis of tobacco-specific Nrnitrosamines in indoor 
air. Carcinogenesis 13:2415-2418. 

Brunnemannj KD,, W Fink, andi F Moser. 1980> Analysis of volatile N-nitrosamines in mainstream and 
sidestream smoke from cigarettes by GLC-TEA. Oncology 27:217-222. 

Burke, MD, S Thompson. CR Elcome, H Halpert* T H&aparanta, and RTi Mayer, 1985. Ethoxy-, pentoxy- 
and benzyloxyphenoxazones and homologues: A series of substrates to distinguish between different 
induced cytochromes P-450. Biochem Pharmacol 21^3337-3345. 

Campbell, RM and ML Lee. 1984. Capillary column gas chromatographic determination >of nitro potycydic 
aromatic compounds in particulate extracts. Anal Chem 5§:1026-1030. 

Cannon, WC ( EF Blanton, andi KE McDonald. 1983. The flow-past chamber An improved nose only 
exposure chamber system for rodents. Arn lnd Hyg Assos J 44-923-927. 

Ceils, JE, R Bravo, PM Larsen* and S Fey. 1984. Gyplin: A nuclear, proteiniwhose level correlates directly 
with the proliferative state of normal as wen as transformed I cells. Leuk Res 2:143. 

Cohen, D, SF Aral, JD Brain. 1979. Smoking impairs long-term, dust clearance from the lung. Science 
204:514-517. 

Conner, JM, GB Oidaker, and JJ Murphy^ 1990:, Method for Assessing the Contribution of Environmental 
Tobacco* Smoke to Respirable Suspended Particles in indoor Environments, Volume 11; pp. 169-196. 

Davis. G$, P Filin,,and R Otson. 1987. A review of sampling methods for poiyaromatic hydrocarbons in air. 
J Air PollUt Control Assoc 2£1397-1408: 

Dube, MF and CR Green. 1982. Methods; of collection of smoke for analytical purposes. Recent Adv 
Tobacco Scf §;42-102. 

Eatough, DJ, CL. Benner, JM Bayona, G Richards, JD Lamb, ML Lee, EA Lewis, and LD Hansen. 1989. 
Chemical composition of environmental tobacco smoke. 1. Gas-phase acids and bases. Environ Sci 
Technol 22:679-687. 

Farmer, PB. 1991. Analytical Approaches for the Determination of Protein-Carcinogen Adducts Using 
Mass Spectrometry in Molecular Dosimetry and Human Cancer: Analytical\ Epidemiological, and Social 
Considerations, JD Groopman and PL Skipper (eds.);, pp:. 189-210. 

Ferity, J. 1972. Observations concerning alveolar dust clearance. Ann NY AcadiSci 200:66-72. 




X-1 


nise or dittloort of proposal 
is stfcjcct to the restriction! 
the Title page of this Propose 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


2023685846 SsL* 






BATTELLE-NORTHWEST 


Ferin, J and ML Faldstaln. 1978. Pulmonary clearance and hilar lymph node content In rats after particle 
exposure. Environ Res j£:342>352. 

Ferin, J and U Leach: 1975. The effects of selected air pollutants on clearance of titanic oxide particles 
from the Kings of rate, pp. 333-341L In: Inhaled Particles IV, WH IWalton and B McGovern (eds.)i Proceed¬ 
ings of an international Symposium organized by The: British Occupational Hygiene Society, Edinburgh: 
Pergamon Press, Nbw York, NY. 

Frenkel, K, ZJ Zhong, HC Wei, J Karkaszka, U Patel, K Rashid,, M! Georgescu; and JJ Solomon. 1991. 
Quantitative high-performance liquid chromatography analysis of DNA oxidized in vitro and in vivo . Anal 
Biochem 196f1):126-136. 

Furton, KG; E Jolly, and G Pentzke. 1993. Recent advances in the analysis of polycyclic aromatic hydrocar¬ 
bons and fullerenes. J Chromatogr 642:33-45. 

Goff) EU, JR Coombs, DH Fine, and TM Baines. 1:980. Determination of N-nitrosamlnes from diesel engine 
crankcase emissions. Anatl Chem 52:1833-1836. 

Green, E (ed.). 1968. Handbook an Genetically Standardized JAX Mice, Second Edition. The Jackson 
Laboratory, Bar Harbor, ME. 

Greenspan; BJ, PE Morrow, and J Ferin. 1988. Effects of aerosol exposure to cadmium chloride on the 
clearance of titanium dioxide from the lungs of rats. Exp Lung Res 14:491-499. 

Greenwaid, I. 19541 Effects of Inhalation of low concentrations of sulfur dioxide upon man and other 
mammals. Arch Ind Hyg Occupied 15:455-475, 

Guengerich, FP: 1988. Roles of cytochrome P-450 enzymes In chemical carcinogenesis and! cancer 
chemotherapy. Cancer Res 4g:2946, 

Guengerich, FP. 1989. Analysis and characterization of:enzymes, pp. 777-814, In: Principles and Methods 
of Toxicology, Second Edition, AW Hayes (ed.) r Raven Press,, Ltd.,. New York, NY. 

Guerin, MR; RA Jenkins, and BA Tomkins: 1992; The Chemistry of Environmental Tobacco Smoke:, 
Composition and Measurement, CIAR Indoor Air Research Series. Lewis Publishers, Boca Raton, FL 

Hall,,PA and AL Woods. 1990. Immunohistochemlcal markers of cell proliferation: Achievements, problems,, 
and prospects. Cell Tissue Kinet 25:505-522. 

Hansen, MF and WB Cavera. 1987. Genetics of cancer predisposition. Cancer Res 47:5518-5527. 

Heavner, DL, MW Ogden, and PR Nelson. 1992; Multisorbent thermal desorptlon/gas chromatography/ 
mass selective detection method for the determination of target volatile organic compounds Ih indoor air. 
Environ Sci Technol 25:1737-1746, 

Hecht, SS; S Carmella, H Mori; and D Hoffman. 1992. A study ofi cocarcihogenesis. XX. The role of 
catechol as a major aocarclnogen in the weakly acidic fraction of smoke condensate. J Natl Cancer Inst 
55:163-169. 

Hecht, SS; SG Carmella; PG Foiles, SE Murphy,, and LA Peterson. 1993. Tobacco-specific nitrosamlne 
adducts: Studies in laboratory animals and humans. Environ Health Perspec 22:57-63. 


»*:(« Nwul). X-2' 



Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


2023685847 





BATTELLE-NORTHWEST 


Hecht, SS, Nd Haley, andlD Hoffmann. 1991. Monitoring exposure to tobacco products by measurement 
of nicotine metabolites and l derived carcinogens, pp, 325-361. In: Molecular Dosimetry and Human 
Cancer: Analytical, Epidemiological, and Social Considerations, JD Groopmaniand PL Skipper (eds.). 
CRG Press, Boca Raton; FL 

Heddie, JA. 1973. A rapid in vivo test for chromosomal damage. Mtitat Res Jg:187-t90. 

Heddlb, JA, A Bouch; MA Khan; and JD Gingerich. 1990. Concurrent detection .ofgene mutations and! 
chromosomal aberrations induced in vivo in somatic cells. Mutagenesis 5(2): 179-1B4. 

Heddle, JA and AV Carrano. 1977. The DNA content of micronuciBi induced in mouse bone marrow by 
irradiation. Mutat Res 44:63-69. 

Heinrich,,U, H Muhle, S Takenaka, E Ernst, R Fuhst, U Mbhr, F Pott, and W Stober. 1986. Chronic effects 
on the respiratory tract of hamsters, mice and rats after long-term Inhalation of high concentrations of filtered 
and unfiltered diesel engine emissions. J Appi Toxicol 5:383-395. 

Hill. MA, CR Watson, andlORMoss. 1977. NEWCAS -An Interactive Computer Program for Particle Size 
Analysis , PNL-2405, Battelle, Pacific Northwest Laboratories, Richland,.WA 

Hoffmann D and SS Hecht. 1985. Nicotine-derived NmftrosamSnes and tobacco-related cancer. Current 
status and future directions. Cancer Res 45:935-944, 

Internationa) Agency for Research on Cancer (IARC), 1985. IARC Mbnographs on the Evaluation of the 
Carcinogenic Risk of Chemicals to Humans: Tobacco Smoking , Vol. 38. IARC, Lyon; France. 

International Agency, for Research on Cancer (IARC). 1989. IARC Mbnographs on the Evaluation of the 
Carcinogenic Risk of Chemicals to Humans: Diesel and Gasoline Engine Exhaust and Some Nitroarenes,, 
Vol. 46. IARC,, Lyon, France: 

Ingebrethsen, BJ, DL Heavner v AL Angel, JM Conner* TJ Steichen, and CR Green. 1988: A comparative 
study of environmental tobacco smoke particulate mass measurements In an environmental chamber.. J Air 
Pollut Control! Assoc 38(4)r413-4T7. 

Ingebrethsen, BJ and SB Sears, 1985. Partide Size Distribution Measurements of Sidestream Cigarette * 
Smoke. Presented at the 39th Tobacco Chemists' Research Conference, Montreal,. Quebec, Canada. 

Khan, MA, FT Cross,, R Jostes, E Hul, J£ Morris; AL Brooks. Radon-Induced micronuctel In deep-lung 
fibroblasts of rats in vivo and in vitro . Radial Res (in press). 

Khan, MA and JA Heddle. 19911 Chemical induction of somatic gene mutation and chromosomal aberra* 
tions in lung fibroblasts of rats. Mutat Res 263:257-262: 

Khan, MA and JA Heddle: 1992.. Optimization of the concurrent assay for gene mutation and chromosomal 
aberrations in vivo: Expression time in rats. Environ Mol Mutagen 2B;t65-171. 

Kfosterkotter, W and G Buneman. 1961. Animal experiments on the elimination of inhaled dust, pp. 327-341. 
Ih: Inhaled Particles and Vapors If GN Davies (edi). Pergamon Press*.New.York, NY. 

Kiosterkotter, W and F Gono. 1971, Long-term storage, migration, and elimination of dust in the lungs of 
animals with respect to the influence of polyvinyl-pyridine-N-oxide ( pp. 273-281. In: Inhaled Particles III, 
Vol. 1, WH Walton (ed.), Unwin Bros,, Old Woking Surrey, England. 


M* 


Hlse or disclosure of proposal data 
it ai>ject to the restriction on 
the Title page of this Proposal.* 


Source: https://www.industrydocuments.ucsf.edu/docs/ xslmOOOO 


2023685848 





BATTELLE-NORTHWEST 


Knudson, AG. 1985. Hereditary cancer, oncogenes and arattoncogenes. Cancer Res 45:1437-1443.. 

Kohler, SW, GS Provost, PL Kretz; A Fleck, JA Sorge, and JM Short. 1990. The use of transgenic mice for 
short term, in'vivo mutagenicity testing. Genet Anal Tech Z(8)t217-218. 

Lamb;, D and L Reid. 1969. Goblet cell Increase in:rat bronchial epithelium after exposure to clgarette and 
cigar tobacco smoke. Br Med J 1:33-35. 

Lewtas, J, MNishloka,. and B Petersen. 1990: Bloassay-dlrected fractlonation of the organic extract of SRM 
1649 urban air particulate matter. Int J Environ Anal Cham £2:245-256. 

Undskog, A, E BronrstromtLunden, and A IverfeldL 1991. The effect of adsorbent media on the oxidative 
loss of acenaphthene, fluorene and anthracene by exposure to N0 2 , S0 2 , and 0 3 . In: Polynuclear Aro¬ 
matic Hydrocarbons: Measurement, Means and Metabolism M Cooke;, K Loaning, and J MerrJt 
(eds.), Proceeding of the 11thi International Symposium on Polynuclear Aromatic; Hydrocarbons, 1987: 
Batteile Press; Columbus,, OH; 

Upari, F and S Swarin. 1982. Determinations ofiormaldehyde and other aldehydes In automobile exhaust 
with an improved 2,3-dlnttrophenylhydrazine method: J Chromatogr 247:297-306. 

Lowery, OH. NJ Rosebrough;, All Farr, and RJ Randalll 1951. Protein measurement with the Folln phenol 
reagent. J Biol Cheml93:265-275. 

Lubert, RA, RT Mayer, JW Cameron, RW Nlms, MD Burke, TWolff, andIFP Guengerloh. 1985. Dealkylation 
of pentoxyresorufin: A rapid land sensitive assay for. measurlngthe Induction of cytochrome(s) P-450 by 
phenobarbttal and other xenoblotlcs In the rat. Arch Biochem Blophys 238:43-48: 

MatSubara„Ti,, Ml Koike;, A Touch), Y Tochlno, and K Sugenoi 1976. Quantitative determination of cyto¬ 
chrome P-450 In: rat liverhomogenate. Anal Biochem 75:596-603, 

May, WE, BA Benner, Jr, SA Wise, D Schuatzle;, and'J Lewtas. 1992., Standard reference materials for 
chemical and biological studies of complex environmental!samples. Mutat Res 276:11-22. 

McClellan, RO; DE Bice, RG Cuddihy, NA Gillett, RF Henderson, RK Jones, JL Mauderiy, JA Pickrell, SG 
Shami, and RK Wolff. 1986. Health effectsof diesel exhaust. In: Aerosols: Research, Risk Assessment 
and Control Strategies, Proceedings of the Second US-Dutch IhtematlonaliSymposiiim, Williamsburg, VA, 
May 19-25,1985. Lewis Publishers, Inc., Chelsea, Ml. 

Monticello;, TiM, KT Morgan,, and! ME Hurtt. 1990. Unit length as the denominator for quantitation of celll 
proliferation in nasal epithelial Toxicol Pathol 18:24-3 V, 

Murphree, AL and WF Benedict. 1984: Retinoblastoma: Clues to human oncogenesis. Science 223:1028- 
1033: 

Nelson, PR, DL.Heavner, BB Collie; KC Maiolo, andiMW Ogden. 1992. Effect of ventilation and sampling 
time on i environmental tobacco smoke component rations. Environ Sd Technol 26:1909-1915. 

Niles, R and YLTan. 1989. Determination of polynuclear aromatic hydrocarbons derivatives in airandidlesef 
particulates. Anal Chlm Acta 221:53-63: 

Ogden; MW, LW Eudy, DL Heavner, FW Conrad; Jr, and CR Green. 1989, Unproved gas chromatographic 
determination of nicotine in environmental tobacco smoke. Analyst {London! 114 :1005-1008. 


1M:(m KrapMfl) X-4 — 

•Mse or disclosure of proposal data 
ife utiject to the restriction on 
the Title page of this Proposal.» 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


2023685849 







BATT1ELLE-NORTHWEST 


Ogden, MW and KC Maiolo. 1992., Comparison of GC and LC for Determining Sofonesoi in Environ¬ 
mental Tobacco Smoke . LOGO magazine. Volume 10 Number 6, pp. 459-462. 

Omura, T and R ; Sato. 1964. The carbon momoxlderblnding pigment of liven microsomes. I. Evidence for 
its hemoprotein nature. J Biol Chem 239:2370-2376. 

Paputa-Peck, MC, RS Marano, D Schuetzle, TL Riley, CV Hampton, TJ Prater, LM Skewes, TE Jensen, PHt 
RueHle, LC Bosch, , and WP Duncan. 1983. Determination of nittated polynuclear aromatic hydrocarbons 
in pariciiate extract by capillary collumn gas chromatography with nitrogen selctrve detection. Anal Chem 
55:1946-1954. 

Parkinson, A and S Safe. 1987. Mammalian biologic and toxic effects of PCBs. Environ Toxicol 1:49-75. 

Patrainakos, C and D Hoffmann. 1979; Chemical studies of tobacco smoke. LXIV. On the analysis of 
aromatic amines in cigarette smoke: J Anal Toxicol 2. 

Pritchard, JNi A Black, and JJ McAughey. 1988. The physical behavior of sidestream tobacco smoke under 
ambient conditions: Environ Teehnol Lett 2:545-552: 

RJ Reynolds Tobacco Company. 1988. Chemical and Biological Studies: New Cigarette Prototypes that 
Heat instead of Burn Tobacco . RJ Reynolds Tobacco Co., Winston-Salem, NC. 

Rando, RJ, PK Menon, HG Poovey, and SB Lehrer. 1992. Assessment of multiple markers of environ¬ 
mental tobacco smoke (ETS) in controlled!steady state atmospheres Inia dynamic test chamber. Am Ind 
Hygi Assoc J 53(1):699,704; 

Renne, RA, KM Gideon, RL Buschbom- and AE Brfec 1992a. Comparison of BRDU pulse and pump with 
PCNA labeling ] to measure cell proliferation in.rat nasal epithelium. Toxicol Pathol !2Q:642. 

Renne, RA, KM Gideon,, RA Miller, PW Mellick. and SL Grumbein. 1992b. Histologic methods and Inter¬ 
species variations in the laryngeal histology of F344/Nrats andiB6C3F1! mice. Toxicol Pathol 22:44-51. 

Risner, RH and SL Gash;. 1990. A high-performance liquid Ichromatographlc determination of major phenolic 
compounds in tobacco smoke. J Chromatogr Sci2f}:239-244. 

Rustemeier K* D Demetriou, G Schepers, and P Voncken. 1993. High-performance liquid chromatographic 
determinationiof nicotine and its urinary metabolites via their 1,3-dlethyi-2-thiobarbituric acid derivatives. J; 
Chromatogr 613:95-103. 

Rutten, AAJJL, HE Falke, JF Catsburg, HM Worteiboer, BJ Blaauboer, L Doom, FXR. van.Leeuwen, R: 
Theelen, and IMGM Rietjems. 1992. Interlaboratory comparison of microsomal ethoxyresorufin and pentoxy- 
resomfin O-dealkytase determinations: Standardization of assay conditions. Arch Toxicol @g:237. 

Schuetzle, D, TL Riley, TJ Prater, TM Harvey, and DF Hunt 1982. Analysis of nitrated polycyclic aromatic 
hydrocarbons in diesel particulates. Anal Chem 54t265-271. 


Shuker, DEG and PB Farmer. 1992. Relevance of urinary DNA adducts as markers of carcinogen exposure. 
Chem Res Toxicol 5:450-460; 

Sipes, IGiand AJ'Gandolfi. T9911 Biotransformation of toxicants, pp. 88-126; Ih: The Basic Science of 
Poisons, Fourth Edition, MO Amdur; J Doull, and CD Klaassen (eds:). Pergamon Press, New York, NY. 


m (m 


nise or disclosure of proposal data 
it abject to the restriction on 
the Title page of this Proposal." 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


2023685850 







BATTELLE-NDRTHWEST 


Spitzer,!. 1993. Selective deatiKip for polynuclear aromatic compounds inairbome particles and soil. 
J Chromatoor 643:43-49, 

Sullivan, SL (ed.): 19B4. The Reference and Research Cigarette Series, University of Kentucky Printing 
Services* University of. Kentucky, Lexington, KY. 

Vanider Hoeven, TA and MJ Goon. 1974. Preparation and properties of partially purified cytochrome P-450 
and reduced! nicotinamide adhnine dinucJeotide phosphate-cytochrome P-450 reductase from rabbit liver 
microsomes,. J Biol Chem 243:6302-6310. 

Vogeisteln, B, ,ER Fearson, SR Hamilton, SC Kern, AC Prelslnger, M Leppert, Y Nakamura, R White, AMM 
Smiths and JL Bps. 1988: Genetic alterations during colorectal-tumour development NiEngl J Med 
319:525-532. 


Young, JTL 1981. Histopathologic examination of the rat nasal cavity, Fundam Appl Toxicol 1:309-312. 


w» <r* pmmiii) 


■Use or disclosure of. proposal dots 
is st&jscx to the restriction on 
the Title psqe of this Proposal.* 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


2023685851 




























BATTELUE-NOHTHWEST 


Mt {m ^m»i) 


APPENDIX A 

DRAFT PROTOCOLS 


INJ. 

CD 

rsj 

U) 

ON 

00 

tn 

co 

cn 

W 


nise or disclosure of proposal dots 
is subject to the restriction on 
the Title pope of this ProposeU* 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 





BATTELLE-NORTMWEST 


TWO-YEAR CARCINOGENICITY NOSE-ONLY INHALATION STUDY OF ROOM 
AGED CIGARETTE SIDESTREAM 1 SMOKE AND DIESEL ENGINE EXHAUST IN'MICE 


r>o. 

O. 

N> 

U) 

ON 

CO 

cn 

CD' 

cn 

£■ 


"U*e or discLourt of propocat data 
is subject to the restriction on 
the Title poge gfjjhii Prcpo— 1 ;,» 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 










CONFIDENTIAL 


RASS: Two-Year Chronic Study in Mice 
_Page 1 of 14; 


TWO-YEAR CARCINOGENICITY NOSE-ONLY INHALATION I STUDY OF ROOM 
AGED CIGARETTE SIDESTREAM SMOKE AND DIESEL ENGINE EXHAUST IN MICE 






SPONSOR: Protocol Date: 

Philip Morris 
Research Center 
P.0; Box 26583 
Richmond, Virginia 23261 


CONTRACT LABORATORY: 

Batteile,, Pacific Northwest Laboratories (BMW): 
Life Sciences Laboratory (LSLrll Bulding) 
P.O.Box 999 

Richland, Washington 99352: 
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I. STUDY WLE 

Two-Year Carcinogenicity Nose-Only inhalation Study of Room Aged Cigarette Sidestream Smoke 
and Diesel Engine Exhaust In Mice 

II. PROJECT OBJECTIVE 

The objective of this study is to determine the chronic carcinogenic potential of RASS administered 
by nose-only Inhalation tb male and female mice 6 hours daily, 5 days/week for two years. A diesel 
engine exhaust (DEE) exposure group will be Included as a positive control. Non-neoplastic and 
neoplastic lesions particularly in the respiratory tract will be of major interest. Systemic effects (e.gj, 
changes In body and organ weights, signs of Intoxication) will also be determined. Effects will be 
compared to those seen i in the sham-exposed (filtered air) negative and DEE-exposed positive 
control groups. Biomonitoring i will be performed on RASS- and DEE-exposed rats. 

ill. STUDY SCHEDULE 

A. Mice Arrive - week of 

B. Start of exposure • 

C. Last day of exposure - 

IV: PROJECT NUMBER 

V. PROTOCOL DATE 

Vi. SPONSOR 

Philip Morris 
Research Center 
P.O. Box 26563 
Richmond, Virginia 23261: 

VII. SPONSOR'S REPRESENTATIVE 

George J. Patskan, PhD 

VIII. TESTING FACILITY 

Battelie, Pacific Northwest Laboratories (BMW) 

Toxicology Department K4-10> 

P.O. Box 999' 

Richland, Washington 99352 

IX. STUDY DIRECTOR AND PRINCIPAL INVESTIGATOR 

Earl w: Morgan, DVMj ACVPM, DABT 
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X. TEST ARTICLE DESCRIPTION 

A. Identification 

11 RoomAlged Sidestream Smoke (RASS) 

RASS will be obtained by aging i sidestream smoke (SS) for 0.5 hours (mean age) 
In a room. SS w8l be generated from the standard reference filter cigarette, 1R4F,, 
smoked in basic conformity with ISO standards 3402,4387, and 3308 (1991). The 
cigarettes will be smoked by a 30-port smoking machine (CH Technologies, 
Westwood, Nil). 

B. Lot Number 

C. How Supplied 

D. Storage Conditions 

Cigarettes willibe stored In a freezer at' -16 ± 2°C. They will be preconditioned for at least 
48hours at room conditions (22 ± 2°C and 60 ± 10% RH) prior to smoking. Distribution 
and handling during the course of the study will be conducted in such a manner that proper 
identification will be maintained and contamination avoided. 

E. Source 
Philip Morris 

XI. POSITIVE CONTROL DESCRIPTION 

A: Diesel Engine Exhaust 

The DEE will be generated bom a light-duty pickup truck engine, mounted ion a shock 
mount engine stand attached to a dynamometer system. The dynamometer will be 
programmed tosimulate the EPA. Urban Dynamometer DrivingiSchedulb (40CFR Ch..1, PL 
86, App I), 

B. Storage Condition 

Diesel fuel will be stored' In tank external to the building with a small day tank In the 
generator roora 

C. Source 

XII. TEST ATMOSPHERE 

On-Une monitoring of the mass concentration of RASS and DEE wfll be accomplished by two 
Tapered Element' OadNating Microbalance Mass Monitors (TEOM Model 1400; Rupprect & 
Patashnick Co., Inc., Albany, NY). The TOEMs wD sample RASS and DEE aerosols from' ai 
representative exposure port In the exposure unit Exposure concentrations will be controlled 1 to 
within ±20 % of target concentration by adjustment of the exposure unit dilution airflow. Mass 
concentration wtt be monitored in one of each i pair of exposure units at a time. 
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A real time aerosol monitor (BAM; MIE, Inc., Bedford' MA) will be used to monitor the concentration 
of RASS as It enters the distribution line from the aging room. Aerosol concentrations will be 
monitored with the RAM twice per hour over the duration of the dally generation period. The relative 
response of the RAM to the aerosol concentration (volts per unit concentration) will be determined 
prior to the start of exposure. RAM response wil be evaluated by comparing ithe measured RAM 
voltage to the aerosol t concentration of RASS determined from independent filter samples. 

The total particulate mass (TPM) of both RASS and DEE in the test atmosphere during the exposure 
will be determined fromduplicate Cambridge filter samples from both the distribution line at the exit 
from the aging room and two exposure ports from each exposure unit collected over the duration 
of the generation periods These fitters wiU be analyzed igravimetrically and/or by UV analysis, niter 
sample extracts wHi be analyzed as soon as feasible following collection and preparation. 

The buildup and decay of the test article concentration.in the exposure unit will be determined prior 
to start of the study. The time to buildup to 90% of the target concentration (IT^ and the time to 
decay to 10% of the target concentration (T 10 ) will be determined. 

The particle size distribution of the aerosol in the exposure unit will be measured prior to the start 
of exposure and once a month during the exposure phase. Median diameters and geometric 
standard deviations (GSD) wW be reported! 

Uniformity of* the concentration and particle stee distribution of the test article in the nose-only 
exposure unit will be determined during the prestart phase of the study. Uniformity of test article 
concentration wUilbe demonstrated by monitoring one port omeach level with the TEOM or RAM. 
Uhiformity of particle size distribution will be demonstrated by samples taken at thetop, middle and 
bottom levels of the exposure unit 

XIII. INHALATION EXPOSURE SYSTEM 

A. Exposure Room 

Rooms 523 and 531, LSL4I Building 

B. Exposure Unit 

Cannon flow-past nose-only exposure units. Each unit has 104 exposure ports, 90 of which 
will be used for rat exposures. The remainingipotts wPl be used for sampling or dosedloff. 
Each exposure unit wDI be contained in a rigid dear plastic cabinet to assure no 
contamination of the room by the test article aerosol. Airflow through , the hood will be 
maintained at approximately 15 cfm to assure proper cootingiof the mice in the restraint 
tubes. The exposure unit can be rotated I so that all mice may. be easily observed during 
exposure. 

C. Exposure Generator 

RASS wilt be obtained by aging sidestream smoke (SS) for 0.5 hours (mean age)in a30 m 3 
room. SS wfil be generated from the standard 1 reference filter cigarette* 1R4F, smoked by 
a 30-port smoking machine (CH Technologies, Westwood, NJ) In basic conformity with ISO 
standard^ 3402,4387, and 3308 (1991). Mainstream smoke from the smoking machine wPl 
be routed through a fitter system to remove the majority of the particulate material I prior; to 
being routed to the bulding exhaust A stainless steel cone wPl be fitted over the smoking 
machine to extract the SS wWchiwBI be mixed with conditioned dPution air (22 ± 2°C and 
60 ± 10% RH) before being injected Into a smoke aging room by a flow-controlled fart The 
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entire flow fromi the aging room will be delivered tothe exposure rooms via a stainless 
steed delivery tube. The required flow of RASS wll be siphoned from this delivery line by 
a pressurized-airrcontroiled ejector tube, mixed withconditioned air to achieve the proper 
concentration, and injected Into the nose only exposure unit Exhaust from the exposure 
units wll be routed through a filter system to remove the majority of the particulate material 
prior to beingirouted to the building exhaust 


DEE wll be generated 1 fronva light-duty pickup tnick englne, mounted on a shock mount 
engine stand attached to a dynamometer system. The dynamometer will be programmed 
to simulate the EPA Urban Dynamometer Driving Schedule (40CFR Ch. 1, Pt 86, App I). 
A constant flow of DEE from the engine wll be delivered from a plenum downstream of the 
engine muffler to < the exposure rooms through a heated I stainless-steeli deliver line. The 
required flow of DEE will be siphoned from this delivery line by a pressurized-alr-controiied 
ejector tube, mixed withconditioned air to achieve the proper concentration, and injected 
Into the nose only exposure unit All 1 DEE exhaust wll be routed to the building exhaust 

XiV. TEST SYSTEM SPECIFICATIONS 

Species: 

Strain:: 

Source:: 

Age at Arrival: 

Age at Study Start: 

Total Number of Animals: 

Exposure Tube Acclimation Period: 

Identification: 

XV. REASON FOR SELECTION 

The_mouse was selected for this study on the basis of data available in the literature and a 13- 

week plot study. 

XVII RANDOMIZATION! 

The mice which adapt to theexposure tubes wM be randomly assigned to exposure groups by 
using body weight as a blocking variable to ensure that there are no statistically significant 
differences in initial group mean body weights. The weight distribution range (by sex) of the mice 
selected for the study will be as narrow as possibie. A sufficient quantity of mice will be ordered 
and : adapted to the exposure restraint tubes to ensurethat no mouse will be selected whose body 
weight exceeds ±20% of the mean (by sex) at the startof the study: The Xybkm Path/Tox System 
(Xyblon Medical Systems Corporation, Cedbr Knolls, NJ) will be used for randomization. 

XVII. HOUSING AND MAINTENANCE 

Mice shipping crates; will be examined uponi arrival for; evidence of conditions likely to permit 
exposure to pathogens (soled, wet, or otherwise damaged): The uncrating will be conducted at 
the door of the animal room. While being removed from the crates, the mice wll be examined for 
evidence of shipping stress. 

The mice wll be acclimatedlin Room_of the LSL-II Buiidingifor 2 weeks prior to the start of 

exposure. Mice wll remain on quarantine status unti health screen procedures are completed, 

approximately 3 weeks after their arrival. 


103 {PM P'cpo«*J] 


Mus muse ulus 
TBD (VAF) 

Charles River Laboratories 
Raleigh, NC 
4-5 weeks 
6-7 weeks 

475 males;;475 females 
~5 days 
TaB tattoo 


Source: https://www.industrydocurnents.ucsf.edu/docs/xslinOOOO 


2023685859 









CONFIDENTIAL 


RASS: Two-Year Chronic Study Ira: Mice 
_Page6 of 14 


Throughout the study, cage space wRI meet the requirements stated In the 85-23: (1985): NIH>*Gutde 
for Care and Use of Laboratory Animals*. The BMW animal care and use program, including the 
facRIty used for this study, is accredited t^tto American Association for Accreditation of Laboratory 
Animal' Care (AAALAC): 

The mice win be housed approximately 5 mice per cage in hanging wire cagespriorto Identification 
and randomization at whlchitime they will be housed Individually in staihlesssteel wire cage units 
on stainless steel racks. Mice will be Individually housed for the remainder ofithe study. 

Room temperatures during the acclimatization and studywRI be maintained at 75 ± 2°Fand relative 
humidities at 55 ± 15%. Measurements will be recorded at -1 hour intervals. 

Twelve hours light and tweive hours dark will be maintained:with light startlngiat 0600. 

Within 48 hours;ofiarrival 5 mlce/sex wRIlbe examined by gross necropsy, histopathoiogy, and 
serological testing for evidence ofdisease and the presence of potentially pathogenic organisms. 
Sera wSI be tested for antibodies to Sendai virus, mouse hepatitis virus, GDV1I virus, minute virus 
of mice, pneumonia, virus of mice (PVM) and; Mycoplasma pulmonis. Mice will be released for 
study if the health screen doesn't provide evidence erf pathogens or disease. The clinical 1 
veterinarian will make a visual inspection of the mice to be used in the study just:prior to their 
release for the study. Five mice per sex that were not used for the exposures will'be reevaluated 
for evidence of disease 16-21 days after arrival at BNW. 

Sentinel mice (15M.15F) wRI be selected from the extra mice prior to the start of exposures. 
Serological evaluations wRI be performed on 5/sex at 6,12, and 18 months. Serological evaluations 
will be performedi on 5/sex at the time of terminal sacrifice from the filtered air control group of 
mice; 

During the acclimation period. approxlmateiy 7-10 days priori to the start of exposure,, mice will be 
placed In nose-only exposure restraint tubes for increasing time up to 6 hours daily to allow them 
to adapt to confinement irnthe tubes. The mice which adapt to die restraint tubes will then be 
weighed, randomized, assigned to exposure concentration groups and identified > Individually with 
a unique number taS tattoo approximately two days before the exposure period. 

Mice not used for the study will be euthanized by inhalation of 70% C0 2 one week after the start 
of the study. The disposition of these mice will be recorded on the Animal Disposition Record and 
retained in the study files. 

Mice which die during the first! week of the study, wll be replaced from the pool of unused mice. 
XVIII. DIET AND WATER 

NlH-07 Open Formula diet wSI be provided ad libitum except during the inhalation exposures when 
mice are in restraint 1 tubes. 

This diet is analyzed for contaminants and some nutrient components; these analyses are reviewed 
for acceptability using established standards prior to use of the food. There are no known 
contaminants in the diet which could be expocted to alter the outcome of the study. 


Fresh softened water (ion exchange softener, Illinois Water Treatment Company, Model 2R-2240, 
Rockford, IL): will be supplied ad libitum except during exposures. An automatic watering system 
(Edstrom Industries, Waterford, Wl) wfllibe used during the quarantine/acdlmatization period and 
throughout the study. Water bottles wii also be provided for the first three days after, arrival. 
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Representative samples of animal drinking water from the LSL-il fadity wfll be analyzed for 
contaminants at least once per year. There are no known contaminants In the drinking water which 
could be expected to alter the outcome: of the study. The hardness of the water wSI be checked 
approximately once every week. Records will be retained blithe LSL-II Building Engineer’s office. 

XIX. ENVIRONMENTAL MONITORING 

A Air Supply. 

Room and exposure supply air wOlbeHEPATItered. Both room and exposure exhaust air 
will pass through a series of two HEPA filters. 

B. Temperatures 

Temperatures in each exposure unit cabinet and in the exposure air stream at a nose port 
will be monitored at —2-mlnute intervals and recorded at ~60 minute Intervals.during the: 
daly exposure period. If the temperature is not within die acceptable range 75: ± 4°F, the: 
system wOl alarim Daily means for the exposure cabinet and the exposure atmosphere will 
be maintained within 75 ± 4®F. 

Temperatures In the animal room will be monitored at -2-minute Intervals and recorded 
once every hour. If the temperature Is not within the acceptable range 75 ± 2°F, the 
system will alarm. The acceptable range fori Individual animal room measurements and the 
daily mean wilTbe 75 ± 2°F. 

G. Relative Humidity 

Relative humidity will be monitored at a nose-port in eachexposure unit and recorded at 
~60 minute intervals during the exposure period! If the relative humidity is not . within the 
acceptable range 55 ± 15%, the system will alarm. Daily means for the exposure unit will 
be maintained wtthln 55 ± 15%. 

Animal room humidity will be monitored and recorded approximately once every hour. If 
the relative humidity is not within the acceptable range 55 ± 15%, the system will alarm. 
The acceptable daly mean Is 55 ± 15% relative humidity. 

Di Airflow 

Airflow will! be monitored at an inlet and exhaust orifices using a calibrated photohelic 
pressure gauge. Both:flows will be recorded once per hour during the exposure period. 
The acceptable minimum Inletflow is 250 ml/min per occupied!exposure port. 

Measurements out of: specified limits wll be recorded: and result In an alarm so that the 
operator can take appropriate actions. 

XX. EFFLUENT TREATMENT 

Exposure unit exhaust wli be passed through a series of two HEPA Afters and a catalytic converter 
to remove all test article. The concentration of test article in the budding exhaust wll bemeasured 
once during the study to determine the efficiency of. the effluent treatment system. 
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XXI. EXPERIMENTAL DESIGN 

A. Route of Administration and Reasonifor Selection 

The test articles will be administered by nose^niy. inhalationiat concentrations of l, 3 and 

10 mg/m 3 of RASS and_mg/m3 of DEE. A titered air control group wil be Included! 

The concentration of RASS and the route of administration used iIn this study wereselected 
orai the'basis of route of human exposure and to: provide target particle: concentrations 
which exceed those determined for extreme human exposureto environmental tobacco 
smoke by a factor of approximately 10. The DEE concentrations were selected on the basis 
of data In the literature which Indicate that this concentrations should'result in a measurable 
carcinogenic response In the mouse and a comparable total particulate matter content to 
the RASS exposure. 

B. Experimental Design 


Group 

Number 

Exposure 

Concentration 

(mg/m?) 

Core 

Study Mice 

Hung Burden 
and; 

Lung Clearance* 

CoHb b 

Total 

1 

0 

6qm; 

IBM 

12M 

90M! 



60F 

18F 

12F 

90F 

2 

RASS (1): 

60MI 

IBM 

12M 

90Mi 



60F 

18F 

12F 

90F 

3 

RASS (3)i 

60Mi 

IBM 

12M 

90MI 



60F 

18F 

12F 

90F 

4 

RASS (10) 

60MI 

IBM 

12M 

90M 



60F 

18F 

12F 

90F 

5 

DEE (TBD) 

60MI 

IBM 

12M 

90M 



60F 

18F 

12F 

90F 

Sentinels 5 * 

0 

ISMi 

— 

— 

15M 



1SF 

- 

— 

15F 


a Four mice/sex wil be sacrificed at 4 timepoints. Two additional mice/sex/group are included I to be 
used if needed. 

b Five: mlce/sex will be bled at 6, ,12, and 18 months. Mice will be allowed to survive at 6 and 
12 months. Carboxyhemoglobin wil also be determined from 5 mice/sex/group from hie core study 
at terminal sacrifice. 
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c. 

Animal Identification 




Group 

Number 

Exposure 

Concentration 

(mg/m 3 ) 

Core 

Study Mice* 

Lung Burden 
and; 

Lung Clearance 8 

CoHb 

1 

0 

1-60 (M) 
101-120'(F) 

61-76 (M) 
161-178 (F) 

79-90 (M) 
179-190 (F) 

2 

RASS (1) 

201-220 (M) 
301-320 (F) 

261-27B(M) 
361-376 (F) 

279-290 (M) 
379-390 (F) 

3 

RASS (3) 

401-420 (M) 
501-520 (F) 

461478 (M) 
561-578 (F) 

479490: (M) 
579-590 (F) 

4! 

RASS (10) 

601-620 (M) 
701-720 (F); 

661-678 (M) 

761-778 (F) 

679-690 (M) 
779-790 (F). 

5 

DEE (TBD): 

801-820 (M) 
901-920 (F) 

861-878 (M) 
961-978 (F) 

879-890 (M) 
979-990 (F) 

Sentinels 

0 

SM1-SM15 

SF1-SF15 

— 

—. 


D. Route of Administration 

Nose-only Inhalation 
E Frequency/Duration; 

Six hours/day ptusTgg; 5 days/week; up to 104 weeks; excluding weekends and holidays 

F. Daily Observations 

Twice daily for moribundity and mortality on all surviving mice. 

G. Clinical Signs 

Weekly for alt surviving core study mice andpriorto unscheduled sacrifice for moribund or 
humane sacrifice; mice: 

H. Body Weights 

Weekly for thefirsMa weeks, and at 4-week intervale thereafter (every 2 weeks during the 
last : 13 weeks if needed)on all surviving core study mice: 

I. Urine Nlcotine/Gotinine 

Slx/sex, selected at random from the core study animals, from the RASS treated and 
filtered air control groups at 6.12,18, and 24 months. Mice will be placed'in metabolism 
cages fori a 16 hour urine coilbction. 
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J. Carboxyhemoglobin 

Flve/sex/group from designated animals at 6,12; and 18 months and 5/sex/group selected 
at random from the core study animals: at terminal sacrifice. Mice wllibe removed from the 
exposure chamber within one hour before the end of the daily exposure period and bled 
from the supra*orbltal sinus. 

K. Clinical Pathology Evaluations 

Fifteen mice/sex/group from the core study mice, prior to terminal sacrifice^, will be 
anesthetized with -70% C0 2 and blood samples will be collected from the retra-orbital 
sinus into tubes containing potassium EDTA for a complete blood count At terminal 
necropsy the remaining mice and all moribund sacrifice mice wll have a slide prepared for 
a differential leukocyte count The slides will lonly be evaluated if abnormaities are detected 
In the CBCs. 

L Lung i Clearance 

During the 15th month 18 mlce/sex/group will be exposed to 10 mgi Ti0 2 /m 3 for 5 
consecutive days. Lung burdens ofTi0 2 will be determined! using ICP-AES techniques, on 
4 animals/group at time points to be determined from the results of the clearance i study 
conducted with the 13-week subchronic study. 

M. Minute Voltime 

Respiratory physiology data wllibe collected, using plethysmographs, between 1 hour after 
the start of exposure and the end of the exposure periodlfor. 6 mlce/sex/group selected 
at random from the ewe study animals. 

Tidal volume (ml) and respiration rate (breaths/min) will be monitored continuously for 10 
minutes. Average tidal volume and respiration rates wll be calculated and stored for all 
breaths occurring during each 10-second interval of monitoring. Minute volume (ml/min) 
wll be calculated as the product of the 10-second average tidal volume and the 10-second 
average respiration rate. The mean and standard deviation:of the minute volume for the 
entire 10-mlnute recording i session wll then: be calculated from the 10-second average 
minute volumes. 

Body weights wllibe recorded on these mice on.the day that the minute volume:data:are 
collected. If minute volume data are not : collected on a scheduled weighing day, these 
weights w# be in addition to the regular weekly body weights. 
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XXII. POSTMORTEM OBSERVATIONS AND MEASUREMENTS 
A Necropsy 

A complete necropsy will be performed on aH core study mice found deadj moribund 
sacrificed or at terminal I sacrifice. Findings will be recorded on an Individual Animal 
Necropsy Record (IANR)form. AH surviving mice wSt be necropsied on the day following 
the last, day of exposure. Mice will be kilBd by. anesthetization with CO z followed by 
exsanguination. Necropsies will! include an external! examination of aH body orifices, an 
examination of tissues/organs, and fixation hr 10% neutral buffered formalin (NBF]iofithe 
following tissues: 

Adrenals; 

Brain (medulla/pons, cerebellar cortex, cerebral 
cortex) 

Ceacum 
Colon; 

Duodenum 
Esophagus 
Eyes 

Femur (indudingjoint) 

Gallbladder 
Harrierian glands 
Heart/acnta 
Ileum 
Jejunum 
Kidneys 
Liver 

Lungs (trachea, larynx, tongue, pharynx) 

Lymph nodes 
Mammary gland/skin 
Nose 

Oral Cavity 


B. Organ Weights 

Organ weights wil be recorded from aH core study mice for both adrenal glands (0.001 ig). 
braini(0:011 g),epididymides (0.001 g)j heart (0.01 g), kidneys (0.01g.), liver (0.01 g), lung 
with trachea (0,01; g), spleen (0.01 g), and testes (0.01 g). Organ to body weightand organ 
to braid weight; ratios willbe calculated. Organ weights from moribund/humane sacrifices 
will be collected and reported, but not IndUdediln the data analysis. 

C. Histopathoiogy 

Organs/tissues collected from the filtered air control and the high' concentration RASS and 
DEE groups wil be processed to slides and stained with hematoxylin and eosin for 
histopathologic examination. Special stains wil be used&tthedlscrstlon of the pathologist: 
Data wil be entered onto the Xyblon Path/Tox System for aH mica. 
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Ovaries 

Pancreas 

Pituitary 

Preputlal/dltoral glands 

Prostate 

Rectum 

Salivary glands 

Sciatic nerve 

Seminal vesicles/coagulation glands 
Spinal cord (cervical: thoracic, lumbar) 
Spleen 

Sternum with bone marrow 
Stomach 

Testes/epididymis 
Thigh muscle 
Thymus 

Thyroid (including parathyroids) 

Tissue masses/tumors 
Urinary bladder 
Uterus 

Zymbal's gland 
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A complete histopathologic evaluation Inclusive of gross lesions will be performed on a!) 
core study mice from the filtered air controland thehlgh concentration RASS and DEE 
groups sacrificed at the end of the exposure period. Histopathologic evaluation will be 
conducted on-gross lesions and designated tissues from all core study animals. Tissues 
exhibiting effects in the high concentration group(s) will be examined In the lower 
concentration group(s) and In the animals sacrificed at the end of the recovery, period to 
a no effect level. Slides may be peer, reviewed by the Sponsor. A complete histopathologic 
evaluation will be conducted on the following tissues: 


Accessory genital organs (prostate, seminal 
vesicles, coagulation?glands) 

Adrenals, right and I left 
Aorta (throacic) 

Brain, (cerebral cortex, cerebellar cortex, pons/ 
medulla oblongata) 

Caecum 
Ctiioral glands 
Colon 
Duodenum 
Epididymis 

Eyes with optic nerve (if grossly abnormal) 
Femur; including joint 
H&rderian glands 
Heart; 

Ileum 

Jejunum? 

Kidney, right and left 

Larynx/laryngopharynx (step sections, 4 levels, 
laryngopharynx at the base of epiglottis) 

Uver v gallbladder 

Lungs (S^im? sections every 5 mm) 

Lymphi nodes (mandibular, mesenteric; bronchial 
and mediastinal) 

Mammary glands 


Musculature (thigh) 

Nose/nasopharynx (4 levels; Young, 1981 1 ) 

Oral cavity 

Ovanes (mesovaries); right and left 
Pancreas 

Parathyroid! glands 
Peripheral i nerve (sciatic) 

Pituitary gland 
Preputial! glands 
Rectum 

Salivary glands (submandibular and sublingual) 
Skin 

Spinal cord (cervical, thoracic, and lumbar) 
Spleen 

Sternum with bone marrow 

Stomach (forestomach and glandular stomach) 

Testes, right and left 

Thymus 

Thyroid i glands 

Tongue 

Trachea 

Urinary bladder 

Uterus 

ZymbaJ’s glands 

Ail grossly visible tumors or lesions suspected i 
being tumors 


D. Statistical Analysis 

Results from this study wil Include Incidence tables of clinical signs, gross lesions, and! 
hlstopatbdogical observations. Group means will be calculated for 

Body weight 
Body weight gain 
Organ weight 
Organrbody weight ratio 
Organrbrain weight ratio 
Leukocyte parameters 
Nicotine andcotinlne levels 
Lung clearance- 

Any data set with a sample size less than six wil have only means and standard deviations 
calculated. Group variances for body weight, clinical pathology and organ weight data wPI 
be compared usihg Bartlett’s test Wlien the differences between group variances are not 
significant (p>0.01), a one-way analysis of variance (ANOVA) will be performed. If 
significant differences (P<0 j 01) among the means are indicated by the ANOVA, Dunnett's 
multiple comparison test wil be usedito determine the Intergroup differences: Dunnett’s 
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makes pairwise comparisons among all group means includlngj the control! groups. 
Significance wll be declared at the 0.05 and 0.01 alpha Idvels. 

in the event that Bartlett’s test indicates significant differences between group variances for 
a given parameter, the mean values between the control and each concentration group will 
be compared using the Behrens-FIsher /-test (Satterthwaite’s method will be used to adjust 
for degrees of freedom). Significance win be declared at the<O.05 and 0 01 alpha levels If 
the P value Is less than alpha divided by the number of comparisons made (Bonferroni's 
adjustment for multiple comparisons; Miter 1981). 

The percent difference In mean body weights (MBW) between treated and control animals 
will be calculated as follows; 1 

MBW of Exposed Group - MBW of Control Group x 100% 

MBW of Control Group 

E. Study Conduct and Records Retention 

Documentation will be maintained In such a manner that confidentiality for the Sponsor, In 
all aspects of the study conduct, will be assured! 

This protocol willl be the com roll Ingi document The Study Director is to be notified 
immediately for clarification i If discrepancies occur between the protocol and the SOPs. 

Any changes to this protocol wBIIbe made kuthe followingimanner. If BMW Initiates the 
change, not associated with cost verbal (telephonic) approval will be obtained from the 
Sponsor followed by written documentation by BNW to the Sponsor. Any change whichi 
ifnpacts the cost or schedule of the study wll be documented in writing and approved by 
the Sponsor Representative's signature prior to Implementation. The Sponsor may initiate’ 
modification to' the protocol by telephonic authorization to BNW followed by written’ 
documentation as stated above. 

This study wll be conducted In compliance with Goodl Laboratory Practice regulations, 21 
GFR 58. All records required to reconstruct the study wll be maintained as stipulated in 
21 CFR 58.190. All paraffin blocks and wet tissues resulting from any portion of this study 
will be retained by. BNW untl 6 months after acceptance of the final report at whichtlme: 
they wll be sent to the Sponsor. If requested by the sponsor, all microscopic slides will be’ 
submitted to the Sponsor with the final draft report 

Records to beretained in study archives wD be specified by the SOP entitled ‘Records to< 
be Retained for Phlip Morris Studies*. Records that 1 accumulate duringithe study wll be 
retained at'BNW untl they are shipped to the Sponsor Immediately prior to the termination! 
ofi the contract or until the Sponsor requests transfer, whichever occurs first 

F. Report 

Following a Quality Assurance audit of the raw data’and data tables, a complete and 
detailed draft report will be submitted ito the Sponsor within the time frame of the contract 

G. References 

Miter, R.G. Jr. 1981. Simultaneous Statistical inference. SpringBr-Veriag* New York, NY. 


^his procedure is currently In use by Oie National Toxicology Program, NIEHS, Research Triangle Park, 
NC. 
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Eari W. Morgan; DVM, ACVPMI DABT 

Principal Investigator 

Date 

RA Galman, MS 

Quality Assurance Auditor 

Date 

XXIV. SPONSOR APPROVAL 


George J. Patskan, PhD 

Study Monitor 

Date 

Sponsors Representative 

Date? 
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THIRTEEN-WEEK NOSE-ONLY INHALATION PILOT STUDY IN MICE 


SPONSOR: Protocol Date: 

Philip Morris 
Research Center 
PiO. Box 26583; 

Richmond, Virginia 23261 


CONTRACT LABORATORY: 

Battelle, Pacific Northwest Laboratories (BNW) 
Life Sciences Laboratory (LSL-tl I Building): 

P.O. Box 999 

Richland; Washington 99352: 
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I. STUDY TITLE 

Thirteen-Week Nose-Only Inhalation PVot Study In Mice 

II. PROJECT OBJECTIVE 

The objective of this study is to determine the adaptablity of C57BL/6 mice to the stress of a 6hour 
per day, 5 days per week, nose-only Inhalation exposure for thirteen weeks,. The C5?BL/6mouse 
Is the preferred strain tor a two-year carcinogenicity bioassay to be conducted on the carcinogenic 
potential lot RASS in mice; The study will include S6C3F1 and. CD-I mice for comparison; Results 
of this study will be usedito select the strain of mice to be used for a two-year carcinogenicity 
bioassay of RASS and DEE In mice. 

till STUDY SCHEDULE 

A. Arrival - week of 

B. Start erf exposure - 

C. Last day of exposure - 

IV. PROJECT NUMBER 

V. PROTOCOL DATE 

VL SPONSOR 

Philip Morris 
Research Center 
P.O. Box 26583 
Richmond, Virginia 23261 

VII. REPRESENTATIVE 

George J. Patskamj PhD 

VIII. TESTING FACILITY 

Battelle, Pacific Northwest Laboratories (BNW) 

Toxicology Department K4-10 
P.O. Box 999 

Richland, Washington 99352 

l)C STUDY DIRECTOR AND PRINCIPAL INVESTIGATOR 

Earl W. Morgan, DVM, ACVPM, DABT 
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X. INHALATION EXPOSURE SYSTEM 
A. Exposure Room 

Room_. LSL-II Bunding 

1 . Exposure Uhtt 


Gannon flow-past nose-only exposure units. Each unit has 104 exposure ports, 90 
of which wll be used for rat exposures. The remaining ports will be used for 
sampling or dosed off. The exposure unit is traditionally containedilnairigldi dean 
plastic cabinet to avoid contamination of the room by the test artide aerosol. The 
sample system will be used in this case, although the test artide is filtered air. 
Airflow through the hood will be maintained at approximately 15 cfm to assure 
proper cooling of the mice Inthe restraint tubes. The exposure unit can be rotated 
so that all mice may be easily observediduring exposure. 


XI. TEST SYSTEM 


A. 


Specifications 


Species: 

Strain: 


Source: 

Age at Arrival: 

Age at Study. Start: 

Total Number of Animals: 

Exposure Tube Acdimation Period:: 
Identification: 


MUs muse ulus 
C57BL/6 (VAF) 

B6G3F1(VAF) 

CD-I (VAF)' 

Charles River laboratories 
Raleigh, NC 
4-5 weeks 

6- 7 weeks 

45 males; 45Temales 

7- ID days 
Tal tattoo 


B; Reason for Selection i 


The C57BL/6 (VAF) mouse was selected for a 2-year carcinogenicity bioassay In mice of 
RASS in mice on the basis of data avalabie kt the literature in which this is the only strain 
of mice in which cardnogenisis has been reported for both RASS and DEE. The B6C3F1 
(VAF) and CD-I (VAF) are being induded for comparative purposes andl evaluation as 
possible alternatives In the event that the C57BL/6 dose not adapt to die nose-only restraint 
tubes for prolonged periods of time. 

C. Randomization 


The mice which adapt to the exposure tubes wll be randomly assigned to exposure groups 
by using body weight as a blocking variable to ensure that there are no statistically 
significant differences krinitial group mean body weights. The weight distribution range (by 
sex) of the mice selected for the study wll be as narrow as possible. A sufficient quantity 
of mice.wfll be ordered and adapted to the exposure restraint tubes to ensure that no rat 
wll be selected whose body weight exceeds ±20% of the mean (by sex) at the start of the 
study. The XYBION PATH/TOX System (XYBIOM Medical Systems Corporation; Cedar 
Knolls, NJ) wll be used for randomization. 
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D. Houslngand Maintenance 

Mice shipping i crates will be examined upon arrival for evidence of conditions likely, to 
permit exposure to pathogens (soSedj wet, or otherwise damaged). The uncrating wit! I be 
conducted at the door of the animal room. While being removed from the crates, the mice 
wlf be examined for evidence of shipping stress. 

The mice will be acclimated iruoomi-of the LSLtII Building for 10-14. days prior to the 

start of exposure., Mice will remain on quarantine status until health screen procedures are 
completed, approximately 3 weeks after their arrival. 

Throughout the study, cage space wW meet the requirements stated inthe 65-23 (1985) NIH 
"Guide for Care and Use of Laboratory Animals". The BNW animal I care and use program, 
including the facility used for this study, is accredited by the American Association for 
Accreditation!of Laboratory Animal Care (AAALAC); 

The mice will be housed approximately 5 mice per cage in hanging wire; cages prior to 
identification and randomization at which time they will be^ housed!individually in stainless 
steel wire cage units on stainless steel i racks. Mice will be individually housed for the 
remainder of the study. 

Room temperatures during the acclimatization and study, will be maintained at 75 t 2°F and 
relative humidities at 55 ± 15%. Measurements wJIIIbe recordedlat -1 hour Intervals. 

Twelve hours light and twelve hours dark will I be maintained with light starting at 0600. 

The dinical veterinarian will make; a visual Inspection of the mice to be used in the study 
just prior to their release for the study. Five mice per sex that were not used for the 
exposures will be evaluated for evidence erf disease 18-21 days after arrival at BNW. Gross 
necropsy; histopathology, and serological testing for evidence ofdisease and the presence 
of potentially pathogenic organisms will be performed. Sera will be tested for antibodies 
to Sendai virus, mouse hepatitis virus, GDVII virus, minute virus of mice, pneumonia virus 
of mice (PVM) and (Mycoplasma pulmonis. Mice will be released from quarantine if the 
health screen doesn't provide evidence of pathogens or disease. 

SerolOgical evaluations will be performed on 5 mice/sex at the time of terminal sacrifice. 

During the acclimation period,.approximately 7-10 days priorto the start ofiexposure, mice 
will be placed ki nose-only exposure restraint tubes for increasing time up to 6 hours daily 
for five days to ailbw them to adapt to confinement In the tubes. The mice which adapt to 
the restraint tubes will then ibe weighed, randomized, assigned to exposure concentration 
groups and identified individually with a , unique number tail tattoo approximately two days 
before the exposure period. 

Mice not used for the study will be euthanized one week after the start of the study. The 
disp ositibn of these mice will!be recorded on the Animal Disposition Record and retained 
in the study files. 

Mice which die ^during the first week of the study will ibe replkced from thB pool of unused 
mice. 
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E. Diet and Water 

MIM-07 Open Formula diet will: he provided ad libitum except during the inhalation 
exposures when mice are in restraint tubes. 

This diet is analyzed for contaminants andisome nutrient components; these analyses are 
reviewed for acceptability using established standards prior to use of the food. There are 
no known > contaminants In the diet which could be expected to alter the outcome of the 
study. 

Fresh softened water (ion exchange softener, Illinois Water Treatment Company, Model 2R- 
2240, Rockford; 111) will be supplied adl libitum except during!exposures: An automatic 
watering system: (Edstrom Industries, Waterford, Wl) will be used: during the 
quarantine/acdimatization period and I throughout the study. Water bottles will also be 
provided for the first three days after arrival. 

Representative samples of animal drinking water from the LSL-II facility willibe analyzed for 
contaminants at least once per year. There are no known contaminants in the drinking 
water which'could: be expected to alter, the outcome of the study. The hardness of the 
water will be checked lapproximateiy once every week. Records will be retained In the LSL- 
II Building Engineers office. 

F. Environmental Monitoring 

1 . Air Supply 

Room and exposure supply air wB be HEPA-filtered. Both room and exposure 
exhaust air wlli pass through a series of two HEPA fitters. 

2. Temperatures 

Temperatures In each exposure unit cabinet and in the exposure air stream ,at a 
nose port will be monitored at -2-mlnute Intervals and'recorded at -60 minute 
intervals during the daly exposure period. If the temperature is, not within the 
acceptable range 75 ± 4®F, the system wllalarm. Daly means fori the exposure 
cabinet and the exposure atmosphere wll be maintained within 75 ± 4°F. 

Temperatures in the animal room wfll be monitored at -2-mlnute intervals and 
recorded once every hour. If the temperature is not within the acceptable range 
75 ± 2°F, the system wfilialarm. The acceptable range for individual animal room 
measurements and the daly mean wB be 75 ± 2°F. 

3 . Relative Humidity 

Relative humidity will be monitored at a nose-port Ih each exposure unit and 
recorded at -60 minute intervals during' the exposure period. If the relative 
humidity Is not within the acceptable range 55 ± 15%, the system wHI alarm. Daily 
means for the exposure unit will be maintained within 55 ± 15%. 

Animat room humidity wB be monitored! and recorded once every hour. If the 
relative humidity is not within the acceptable range 55 ± 15%, the system wSI 
alarm. The acceptable daly mean i is 55 ± 15% relative humidity. 
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41 Airflow 

Airflow wll bemonttored at an Inlet orifice using a calibrated pbotbheiic pressure 
gauge. Row wi! be recorded once per hour during the exposure period. The 
acceptable minimum flow is 250 ml/min per occupied exposure port. 

Measurements out of specified limits will be recorded and result in an alarm so that 
the operator can take appropriate actions. 

XII. EXPERIMENTAL DESIGN 

A. Route of Administration and Reason for Selection 

For the planned two-year carcinogenicity bioassay the test articles will be administered by 
nose-only Inhalation. The concentration of RASS and the route of administration were 
selected on the basis of route of human [exposure. This study ^designed to evaluate the 
ability of the selected strains of mice to adapt to the stress of confinement in the nose-only 
exposure tubes for 6 hours per day, 5 days per week (excludingi holidays) for 13 weeks. 

B, Experimental 1 Design 


Treatment 

Number of 
Strains 

Number of 
Mice/Strain 

Daly 

Observations 8 

Clinical 

Signs 8 

Body 

Weights 6 

Total 

Filtered Air 

3 

15M 

15M 

ISM 

15M 

45M 


3 

15F 

15F 

15F 

15F 

45F 


8 All survivors to that study day (twice daly for moribundity,, mortality, and! clinical signs) 
b AII survivors to scheduled weighing i day 


C; Animal Identification 


Strain 

Study Mice* 

C57BL/6 

1-15 (M); 


101-115 (F) 

B6C3F1 

201-215 (M) 


301-315 (F) 

CD-I 

401-415 (M) 


501-515 (F) 


1 ... Route of Administration 

Nose-only inhalation' 

2. Frequency/Duration 

Six hour/day; 5 days/week; at least' 13 weoks, excluding holidays and weekends 
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3. Daly Observations 

Twtee daily for moribundity and mortality on all surviving mice. 

41 Body Weights 

Weekly on iall surviving mice:. 

5. Clinical Signs 

Weekly for all survivors and prior to unscheduled sacrifice for moribund or humane 
sacrifice mice. 

D. Postmortem Observations and Measurements 

1 . Necropsy 

A complete necropsy will be performed only on mice sacrificed as moribund or at 
termination ofithe study on mice exhibiting gross signs of stress. Findings wlllibe 
recorded on an Individual Animal Necropsy Record flANR) form: Mice, as needed, 
will be necropsled on the day following the last day of exposure. Mice mil be killed 
by anesthetization i with C0 2 ,followed I by exsanguination. Necropsies will Include 
an external examination;crf ail body orifices, an examination of tlssuBs/organs, and' 
fixation in 10% neutral buffered formalin (NBF) only on tissues exhibiting gross 
abnormalities potentially related : to stress. 

2. Organ Weights 

Testicular weight (0.01 g);wlllbe recorded oniaJI males. Additional organ weights 
will only be recorded from organs exhibiting: grossslgns. 

3. Histopathoiogy 

Will only be performed atthe discretion of the pathologist to evaluate the potential 
effects of stress. Data will! be entered onto the Xybion Path/Tox System. 

E. Statistical Analysis 

Results from this study will include Incidence tables ofdinicaJ signs, gross lesions and 
histopathologlcal i observations; If performed. 

Group means will be calculated for. 


Body weight 
Body weight gain 
Testicular weight: 

Any group with a sample size less than six will have only means and standard deviations 
calculated: Group variances for body weight and testicular weight data will be compared 
using Bartlett’s test When the differences between group variances are not significant 
(p>0.01), a one-way analysis of variance (ANOVA) will be performed. If significant 
differences (P<0:01) among the means are Indicated by the ANOVA, Dunnetfs multiple 
comparison test will be: used to determine the intergroup differences. Dunnett’S makes 
pairwise comparisons among.all group means Including the control groups. Significance 
wil be declared at the 0,05 and 0:01 alpha levels. 
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In the event that BartiWt's test Indicates significant differences between group variances for 
a given parameter, the mean values between the control and each concentratlongroup wfll 
be compared using the Behrens-Fishor Hest (Satterthwaite's methodwil be used to adjust 
for degrees of freedom). Significance wll be declared at the 0.05 and 0.01 alpha levels if' 
the P value bless than alpha divided by the number ofi comparisons made (Bonferronl's 
adjustment for muitipie comparisons; Miller 1981). 

The percent difference in meanbody weigfots(MBW) between treated and controlianfmals 
will be calculated as follows: 1 

MBW of Exposed Group - MBW of Control Group x 1:00% 

MBW of Gontroli Group 

F. Study Conduct and Records Retention' 

Documentation wll be maintained fn such a manner that confidentiality for the Sponsor, In 
aN aspects of the study conduct, will be assured. 

This protocol wM be the controlling document. The Study Director is to be notified 
Unmediateiyfor clarification if discrepancies occur between the protocol and the SOPs. Any 
changes to this protocol wll be made in the following manner., if BNW Initiates the change, 
not associated with cost verbal I (telephonic) approval will be obtainedifrom the Sponsor 
followed by, written documentation by BNW to the Sponsor. Any change which impacts the 
cost or schedule of the study.will be documented I In writing and approved by the Sponsor 
Representative’s signature prior to implementation. The Sponsor may initiate modification 
to the protocol by telephonic authorization to BNW followed by written documentation as 
stated above. 

This study wll be conductedl in compliance with Good (laboratory Practice regulations, 211 
CFR 58. All records required to reconstruct the study wll be maintained as stipulated in 
21 CFR 58.190. All paraffin blocks and wet tissues resulting from any portion ofithls study 
wll be retained by BNW until 6 months after acceptance of the final report' at which time 
they wil be sentto the Sponsor. If requested by the sponsor, all microscopic slides will be 
submitted I to the Sponsor with the final! draft report 

Records to be retained in study archives will be specified by the SOP'entitled "Records to 
be Retained for Philip Morris Studies'. Records that accumulate during the study will be 
retalnedlat BNW until they are shipped to the Sponsor immediately prior to the termination 
of the contract or untl the Sponsor requests transfer,.whichever occurs first 

Gj Report 

Following a'Quallty Assurance audit of the raw data.and data tables, the results of this 
study will beindbdedin the phase one report 

H. References 

MlUer. R.Gi Jr. 1981. Simultaneous Statistical Inference. Springer-Vetiag, New York, NY. 


^his procedure is currently In use by the National Totdcology Program; NIEHS, Research Triangle Park, 
NC. 
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THIRTEEN-WEEK NOSE-ONLY INHALATION TOXICITY STUDY OF ROOMI 
AGED CIGARETTE SIDESTREAM SMOKE AND DIESEL ENGINE EXHAUST IN MICE 


SPONSOR: Protocol Date: 

Philip Morris 

Research Center 

P.O. Box 26583 

Richmond, Virginia 23261 


CONTRACT LABORATORY: 

BatteHe, Pacific Northwest Laboratories (BNWtf) 
Life Sciences Laboratory (LSL-II Building)' 

P.O. Box 999 

Richland, Washington 99352 
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li STUDY TITLE 

Thirteen-Week Nose-Only Inhalation Toxicity Study, of Room Aged Cigarette Sidestream Smoke and 
Diesel Engine Exhaust In Mice: 

II. PROJECT OBJECTIVE 

Objectives of this study are to determine the toxicity of RASS and DEE administered by nose-only 
inhalation to male and female mice 6 hours per day, 5 days per weekjor thirteen weeks to evaluate 
the system, to work out technical difficulties, andito establish laboratory procedures. The study will 
include groups of mice to be usedifor studies of potential carcinogenicity mechanisms. The study 
will ‘also provide data on an additional group which will be allowed to recover for 13 weeks. Results 
of this study will be used to validate the doses of RASS for a 2-year carcinogenicity bioassay Ini 
mice and to seiecMhe dbse of DEE to be used as the positive control in that study. 

III. STUDY SCHEDULE 

A: Arrival - week of 

B; Start of exposure - 

C. Last day of exposure - 

IV. PROJECT NUMBER 

V. PROTOCOL DATE 

VI. SPONSOR 

Philip Morris 
Research Center 
P:Oi Box 26583 
Richmond, Virginia 23261 

VII. SPONSOR'S REPRESENTATIVE 
George J. Patskan, PhD 

VBU TESTING FACILITY 

Battelle, Pacific Northwest Laboratories (BMW) 

Toxicology Department K4I-10 

P.0. Box 999 

Richland, Washington 99352 

DC STUDY DIRECTOR AND PRINCIPAL INVESTIGATOR 

Earl W, Morgan, DVM, ACVPM, DABT 
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X. TEST ARTICLE DESCRIPTION 

A. Identification 

1. RoomAged Sidestream Smoke (RASS) 

RASS will be obtained by aging sidestream smoke (SS) for 0.5 Hours (mean age) 
lit a room. SS wlllibe generated from the standard!reference filter cigarette, 1R4F, 
smoked ln basic conformity with ISO standards 3402, .4387, and 3308 (1991), The 
cigarettes will be smoked by a 30-port smoking machine (CH Technologies, 
Westwood, NJ): 

B. Lot: Number 

C. How Supplied 

D. Storage Conditions 

Cigarettes will be stored ina freezer at -16 ± 2°G. They will be preconditioned for at least 
48 hours at room conditions (22 ± 2°C and 60 ± 10% RH) prior to smoking. Distribution 
and handling, during the course of the studywill be conducted in such a manner that proper 
identification wili be; maintained and contamination avoided. 

E. Source: 

Philip Morris 

XI. POSITIVE CONTROL DESCRIPTION 

A. Diesel Engine Exhaust 

The DEE wfll be generated! from:a light-duty pickup truck engine, mounted on a shock 
mount' engine stand attached to a dynamometer system. The dynamometer wili be 
programmed to simuiate the EPA Urban Dynamometer Driving Schedule (40CFR Ch. 1, PL 
86, App I). 

B. Storage Condition. 

Diesel fuel will be stored in tank external' to the building with a small day tank in the 
generator room. 

C. Source: 


XII. TEST ATMOSPHERE 

On-line monitoring of the mass concentration of RASS and DEE will be accomplished by two 
Tapered ElementOscllating Microbalance Mass Monitors (TEOM I400j Rupprect & Patashnick Co., 
Inc., Albany, NY). The TOEMs will sample RASS and DEE aerosols from a representative exposure 
port in the exposure unit Exposure concentrations will be controlled to within ±20 % of target: 
concentration by. adjustment of the exposure unit dilution airflow; 
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A real time aerosol monitor (RAM; MIE, the., Bedford, MA):wilI be used to monitor the concentration 
of RASS as It enters the distribution line from the aging room. Aerosol! concentrations wilt be 
monitored with the RAM twice per hour over the duration of the daffy generation period. The relative 
response of the RAM to the aerosol concentration (volts per unit'concentration) wiH be determlned 
prior to the start of exposure. RAM response will be evaluated by comparing the measured RAM 
voltage to the aerosol concentration of RASS determined from independent filter samples. 

The total particulate mass (TPM) of both RASS and DEE in the test atmosphere during the exposure 
will be determined from duplicate Cambridge fitter samples from both the distribution line at the exit 
from the aging room and two exposure ports from each exposure unit collected over the duration 
of the generation period. These filters wi be analyzed gravimetricatly and/or by UV analysis. Filter 
sample extracts will be analyzed as soon as feasible following collection and preparation* 

The buildup and decay of the test article concentration in the exposure unit will be determined prior 
to start of the study. The time to buildup to 90% of the target concentrationifT^ and the time to 
decay to 10% of the target concentration (T 10 ) will be detemnined. 

The particle size distribution of the aerosol in the exposure unit wPI be measured prior to the start 
of exposure and once a month during the exposure* phase. Median diameters and: geometric 
standard deviations (GSD) will be reported. 

Uniformity of the concentration! and! particle size distribution of* the test article in the nose-only 
exposure unit wPi be determined during the prestart phase of the study* Uniformity of test* article 
concentration will be demonstrated by monitoring one port on each level with the TEOM or RAM. 
Uniformity of particle size distribution will be demonstrated by samples taken at the top, middle and 
bottom levels of the exposure unit 

XIII. INHALATION EXPOSURE SYSTEM 

A Exposure Room 

Rooms 523 and 531, LSL-II Building 

Bi Exposure Unit 

Cannon flow-past nose-only exposure units. Each unit has 104!exposure ports, 90 of which 
will be used for rat exposures. The remaining ports will be used for sampling or closed off. 
Each exposure^ unit will be contained in a rigid dear plastic cabinet to assure no 
contamination of the room by the test article aerosol. Airflow, through the hood wll be 
maintained at approximately 15 cfm to assure proper cooling of the mice in the restraint 
tubes. The exposure unit can be rotated so that alii mice may be easily observed during 
exposure. 

C: Exposure Generator) 

RASS will be obtained by aging sidestream smoke (SS) for 0:5 hours (mean age) in a 30 m 3! 
room. SS will be generated from the standard reference filter cigar ette, 1R4F, smoked by 
a 30-port smoking machine (CH Technologies' Westwood; NJ) in basic conformity with ISO 
standards 3402,4387, and 3308 (11991 )i Mainstream smoke from the smoking machine will 
be routed through a fitter system to remove the majority ofthe particulate material prior to* 
being routed to the building exhaust A stainless steel cone will be fitted over the smoking 
machine to extract the SS which will be mixed with conditioned dilution air (22 ± 2°G and 
60 ± 10% RH) before beingiinjected Into a smoke aging roormby a flow-controlled fan: The 
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entire flow from the aging room wiU be delivered to the exposure rooms via a stainless steel 
delivery tube. The required! flow of RASS will be siphoned!from this delivery line by a 
pressurized+alr-cortfrolled ejector tube, mixed with conditioned air to achieve the proper 
concentration, and injected into the nose only exposure unit Exhaust from the exposure 
units wilt be routed through a filtersystem to remove the majority of the particulate material 
prior to being routed to the building!exhaust 

DEE will begenerated from a ■ light-duty pickup truck engine, mounted on a shock mount 
engine stand attached to a dynamometer system. The dynamometer wOl be programmed 
to simulate the EPA Urban Dynamometer Driving Schedule (40CFR Ch. 1, Pt 86, App I). 
A constant flow erf DEE from the enginewill be delivered frorwaplenum downstream of the 
engine muffler to the exposure rooms throughia heated stainless-steel 1 deliver line. The 
required flbw of DEE will be siphoned from this delivery line by a pressurLted-air>controllbd 
ejector tube, mixed with conditioned air to achieve the proper concentration, and’injected 
into the nose only exposure unit AJI DEE exhaust will be routedito the building;exhaust. 

XIV. TEST SYSTEM SPECIFICATIONS 

Species: 

Strain: 

Source: 

Age at Arrive: 

Age at Study Start: 

Total Number of Animate: 

Exposure Tube Acclimation Period: 

Identification: 

XV. REASON FOR' SELECTION 

The_mouse was selected for this study on the basis of data avaflable in the literature and a 13- 

week pilot study. 

XVI. RANDOMIZATION 

The mice which adapt to* the exposure tubes wfli be randomly assigned to exposure groups by 
using body weight as a blocking variable to ensure that there are no statistically significant 
differences in initial group mean body weights. The weight distribution range (by sex) of the mice 
selected for the study will be as narrow as possible. A sufficient quantity of mice will! be ordered 
and adapted to the exposure restraint tubes to ensure that no mouse will be selected whose body 
weight exceeds ±20% of the mean (by sex) at the start of the study. The Xyblon Path/Tbx System 
(Xybion Medical! Systems Corporation, Cedar Knolls, NJ) will be used for randomization. 

XVIII HOUSING AND'MAINTENANCE 

Mice shipping crates will be examined upon arrival for evidence of conditions likely to permit 
exposure to pathogens (sotted, wet, or otherwise damaged). The uncrating will be conducted at 
the door of the animal room. While being removed fromthe crates, the mice wil be examined for 
evidence of shipping stress. 

The mice wll be acclimated In Room_of the LSL-II Building for. 2 weeks prior to the start of 

exposure. Mice will remain on quarantine status until health screen procedures are completed, 
approximately 3 weeks after their arrival. 
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Throughout the study, cage space wlllmeet the requirements stated inthe 85-23 (1985) NIH "Guide 
for Care and Use of laboratory Animals!. The BMW animal care and use program, including;the 
facility used for this study. Is accredited by the American Association for Accreditation of Laboratory 
Animal Care (AAAUC): 

The mice will !be housed approximately 5 mice per cage In hanging wire cages prior to > Identification 
and randomization at which time they will be housed individually in stainless: steel wire cage units 
on stainless steel racks. Mice will be individually housed for the remainder of the study. 

Room temperatures during the acclimatization and study will be maintained at 75 ± 2°F and relative 
humidities at 55 ± 15%. Measurements will!be;recorded at:~1 hour intervals. 

Twelve hours light and twelve hours dark will be maintained with light starting at 0600i 

The clinical veterinarian wfli make a visual inspection of the mice to be used in the study just prior 
to their release fori the study. Mice will be released for study if the health screen doesn't provide 
evidence of pathogens or disease. Five mice per sex that were not used for the exposures will be 
reevaluated for evidence of disease 18*21 days after arrival at BNW; Sera will be tested for 
antibodies to Sendai virus, mouse hepatitis virus* GDVII virus, minute virus of mice, pneumonia virus 
of mice (PVM) and Mycoplasma pulmonis. 

Sentinel mice (5Mi5F) will be selected from the extra mice prior to the start of exposures. 
Serological evaluations will be performed on these mice at the time of terminal sacrifice of ithe core 
study mice. 

Duringithe acclimation period, approximately 7-10 days prior to the start of exposure, mice will be 
piacedlin nose-only exposure restraint tubes for increasing time up to 6 hours da0y to allow them 
to adapt to confinement in the tubesi The mice which adapt to the restraint tubes will then be 
weighed, randomized, assigned to exposure concentration groups and'identified individually with 
a unique number tail tattoo approximately two days before the exposure period. 

Mice not used for the study will be euthanizedione week afterthe start of the study. The disposition 
of these mice will be recorded on the Animal Disposition Record and retained in the study files. 

Mice whlchdie during the first week of the study will be replaced from the pool of unused mice, 

XVIII. DIET AND WATER 

NIH-07 Open Formula diet will be provided:ad libitum except duringithe inhalation exposures when i 
mice are irv restraint tubes. 

This diet is analyzed for contaminants and some nutrient components; these analyses are reviewed 
for acceptability using established standards prior to use of the food. There are; no known 
contaminants in the diet which could be expected to alter the outcome of the study. 

Fresh softened water (ion exchange softener, Illinois Water Treatment Company, Model 2R-2240, 
Rockford; IL) will be supplied ad libitum except during exposures. An automatic watering system 
(Edstrom industries,. Waterford, Wl) will be used during the quarantine/acdimatization period and 
throughout the study Water bottles will also be provided for the first three days after arrival.. 

Representative samples of animal drinking water from the LSL-II facllty wil be analyzed for 
contaminants at least once per year. There are no known contaminants In the drinking water which' 
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could be expected to alter the outcome of the study. The hardness of the water will be checked 
approximately once every week. Records will be retained In the LSL-ll Building Engineer's office* 

XIX. ENVIRONMENTAL MONITORING. 

Ai Air Supply 

Room and exposure supply air wfll be HEPA-fiiteredi Both room and exposure exhaust air 
will pass through a series of two HEPA filters. 

Bi Temperatures 

Temperatures in each exposure unit cabinet and in the exposure air stream at a nose port 
will! be monitoredat -2-minute intervals and recorded at -60 minute Intervals during the 
da8y exposure period. If the temperature is not within the acceptable range 75 ± 4°F, the 
system will alarm; Daily means for the exposure cabinet and the exposure atmosphere will 
be maintained i within 75 ± 4*F. 

Temperatures in the animal room will I be monitored at -2-minute Intervals and .recorded 
once every hour. If the temperature is not wfthin the? acceptable range 75 ± 4°F, the 
system will alarm. The acceptable range for individual animal room measurements and the 
daily mean will be 75 ± 4°F. 

C. RelativeHbmidity 

Relative humidity will be monitored at a nose-port in each exposure unit and recorded at 
-60 minute Intervals during the exposure period. If the re&tNe humidity is not within the 
acceptable range 55±15%, the system win alarm. Daily means for the exposureunit will I 
be maintained within 55±15%. 

Animal room, humidity will be monitored and recorded once every hour. If the relative 
humidity is not within the acceptable range 55±15%, the system will alarm: The acceptable 
daily mean is 55±T5% relative humidity. 

D. Airflow 

Airflow will be monitored at an inlet and exhaust orifices using a calibrated photohelic 
pressure gauge. Both Dows wBI be recorded once per hour during the exposure period. 
The acceptable minimum Inlet flow is 250 rrd/min per occupied exposure port 

Measurements out of specified limits wBI be recordediandl result In an alarm so that the 
operator can take appropriate actions. 

XX. EFFLUENT TREATMENT 

Exposure unit exhaust will be passed through a series erf two HEPA filters and a catalytic converter 
to remove aU!test*article.. The concentration of test article In the building exhaust willibe measured 
once during the study to determine the efficiency of. the effluent treatment system. 
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XXI. EXPERIMENTAL DESIGN 

A. Route of Administration and Reason for Selection 

The test articles will be administered by nose-only inhalation at concentrations of 1 and 10 
mg/m? of RASS and 3 and 10 mg/m 3 of DEE A fitteredafr control) group will be included. 
The concentration of RASS and the route of ; administration used in this study were selected 
on the basis of> route of human exposure andto provide target particle concentrations 
which exceed'those determined for extreme human i exposure to environmentali tobacco 
smoke by a factor of approximately 10. The DEE concentrations were selected on the basis 
of data in the literature which indicate that these concentrations should result’ in> a 
measurable carcinogenic response in the mouse. 

B. Experimental Design 


Group 

Number 

Exposure 

Concentration 

(mg/m 3 ); 

Core 

Study 

Mice*- 6 ' 0 

Blue Mouse 
Micronudeus 
Assay Mice 

Enzyme 

Assay 

Mice 

Adducts 

Assay 

Mice 

Plumonary 

Clearance 

Mice 

Total 

T 

0 

15Mi 

10M 

6M 

5M 

IBM 

54M 



15F 

10F 

6F 

5F 


36F 

2 

1 (RASS) 

15M 

10M 

6M 

5M 

18M 

54M 



15F 

10F 

6F 

5F 


36F 

3. 

10 (RASS) 

15M 

10MI 

6M 

5M 

IBM 

54M! 



16F 

10F 

6F 

5F 


36F 

4 

3 PEE) 

ISM 

10M 

6M 

5M 

1I8M 

54M 



15F 

10F 

6F 

5F 


36F 

5 

10 PEE); 

IBM 

10M 

6M 

5M 

IBM' 

54M 



15F 

10F 

6F 

5F 


36F 

Sentinel 

0 

5M 

— 

_ 

5M 

_ 

5M 

s 


5F 

- 

— 

5F 

- 

5F 


•includes 5 mice whichiwfll be used for a 13 week recovery period. 
b Biood will be collected from 5/sex/group for carboxyhemoglbbin determination. 
c Urine will be collected i from 5/sex from controls and RASS treated mice for nicotine and cotinine 
determination. 
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c. 

Animal Identification 





Group 

Number 

Exposure 

Concentration 

(mg/m 3 ) 

Core 

Study Mice 

Blue Mouse 
Micronudeus 
Assay Mice. 

Enzyme 

Assay 

Mice 

Adducts 

Assay 

Mice 

Plumonary 

Clearance 

Mice. 

1 

0 

1-15 (M) 

16-25 (M) 

2631 (M) 

32-36 (M) 

37-54 (M) 



101-115 (F) 

116-125 (F) 

26-31 (F) 

32-36 (F) 

137-154 (F) 

2 

1 (RASS) 

201-215 (M) 

216-225 (M) 

226-231 (M) 

232-236 (M) 

237-254 (M) 



301-315 (F) 

316-325 (F) 

326-331 (F) 

332336 (F) 

337354 (F) 

3 

10 (RASS) 

401-415 (M) 

416-425 (M) 

426-431 (M) 

432-436 (M) 

437-454 (M) 



501-515 (F) 

516-525 (F) 

526-531 (F) 

532-536 (F) 

537-554 (F) 

4 

3 PEE) 

601-615 (M) 

616-625 (M); 

626-631 (M) 

632-636 (M) 

637-654 (M) 



701!-715 (F) 

716-725 (F) 

726-731! (F) 

732-736. (F) 

737-754 (F) 

5 

10-(DEE) 

801-815 (M); 

816-825 (M)i 

826-831 (M) 

832-836 (M) 

837-854 (M) 



901-915 (F) 

916-925 (F) 

926-931 (F): 

932-936 (F) 

937-954 (F) 

Sentinels 

0 

SM1-SM5 

— 

— 

— 

_ 



SF1-SF5 

- 

- 

- 

- - 


D. Route of Administration 
Nose-only inhalation 

E. Frequency/Duration 

Six hours/ddy piusT^; 5 days/week; at least 13 weeks, excluding holidays and weekends 

F. . Daily Observations 

Twice daily for moribundity and mortality on ail surviving mice* 

G. Clinical Signs 

Weekly for ail survivors and prior to unscheduled sacrifice for moribund or humane sacrifice 
mice* 

H* Body Weights 

Weekly on air surviving mice, 

I- Urine Nicotine/Continine 

During week 4 for 5/sex/RASS treated and filtered air control) groups selected at random 
from the core study animals. Mice wfll be placed In metabolism cages for a 16 hour urine 
collection. 

J. Mlcronudeus and Big Blue™ Mouse Assay 

During week s, the 10 Big Blue mice/sex/group will be anesthetized and the lungs perfused 1 
and removed asepticaliy. One-half of each lung wfll be used for the lung fibroblast 
mlcronudeus assay andi the other half wilt be used for the Big Blue Mouse In vivo 
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mutagenic assay. Slides or plates from 5 each from the 10 mg/m 3 RASS and DEE treated 
groups and the filtered air control group wilt be analyzed. If a high dose treated group(s) 
exhibits a positive response, then the slides and/or plates for the low dose group(s) wttJ be 
scored. 


K. Enzyme Activity 

During week 4* lung, liver, and kidney samples wfll be collected from 6 mice/sex/group. 
Microsomal and cytosolic subcellularfractions will be prepared iby differential centrifugation' 
Cytochrome P450 and glutathione-S-transferase activity will be determined. 

L Prcrtein/DNA Adducts 

Blood wil be collected from 5 mice/sex/group from the adducts assay special study 
animals prior to terminal sacrifice: The mice will be placed ini metabolism; cages for a 
16 hour urine collection. At terminal sacrifice samples of the lung and trachea will be 
collected from these animals and frozen at -80*C. The urine and tissue samples will be 
evaluated for protefn/DNA adducts. 

M. Carboxyhemoglobin 

Blood wat be collected from 3/sex/group selected at random from the core study animals 
during weeks 5, 9; and 13; Mice will 'be removed from the exposure chamber within one 
hour before the end of the daily exposure period, anesthetized with -70% CO^ and I bled 
from the supra-orbKaJ sinus. 

K. Clinical Pathology Evaluations 

Prior to terminal necropsy; to mice/sex/group selected at random from the core study 
animals wil be anesthetized with -70% CO^ and blood samples wifi be collected from the 
suprarorWtal area into tubes containingipotassium EDTA for a leukocyte differential count 

L Lung Clearance 

On;the day followingithe termination of the 13-week RASS and'DEE exposures, 18 male 
mice/group will be exposed to 10 mg TI0 2 /m 3 for 5 consecutive days. Lung burdens of 
TiO^.wiHibe detenTiihed. using ICP-AES techniques,.on 3 animals/group at 0, 1, 3, 9, 30, 
and 90 days following termination of TKD 2 exposures. 

M. Minute Volume 

Six male mice per group (one group/day) during the Ti0 2 exposures. Collection ofi 
respiratory data from the plethysmographs will be conducted between i! hour after the start 
of exposure and'the end of the exposure period. 

Tklal volume (ml) and respiration irate (breaths/min) will be monitored continuously for 
TO minutes. Average tkfal volume and respiration rates will be calculated and stored for all 
breaths occurring during each 10-second interval of monitoring, Minute volume (ml/mln) 
will be calculated as the product of the lO^second.average tidal volume and the 10-second 
average respiration rate. The mean and standard deviation erf the minute volume for the 
entire 10-minute recording session wll then be calculated from the 10-second average 
minute volumes. 
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Body weights will I be recorded on these mice on the day that the minute: volume data are 
collected. If minute volume data are not collected on a scheduled weighing day, these 
weights will l be in addition to the regular weekly body weights. 

Ni Proliferating Cel! Nudear Antigen 

At hlstopathology, additional sections of nose, larynx,, and kings will be cuti Mbcosal 
epithelial ceil replication rates in these tissues wfll be compared by, labeling the nudBl with 
the PC-10 monoclonal antibody and counting labeled 1 nuclei. 

XXII. POSTMORTEM OBSERVATIONS AND MEASUREMENTS 

A. Necropsy 

A complete necropsy will be performed on all core study mice. Findings will be 
recorded on an Individual Animal Necropsy Record (IANR) form. All 13-week study 
mice will be necropsied on the day following the last dhy of exposure. The 
recovery group will be necropsied: 13 weeks after the last exposure. Mice will be 
killed by anesthetization with CO^ followed by exsangulnation. Necropsies will 
indude an external examination of all body orifices, am examination of 
tissues/organs, and fixation in 10% neutral buffered formalin (NBF) of the following 
tissues: 

Adrenals 

Brain (medulla/pons, cerebellar cortex, cerebral 
cortex) 

Cecum 
Colon 
Duodenum 
Esophagus 
Eyes 

Femur (induding joint) 

Gallbladder 
Harderian glands 
Heart/aorta 
II Bum. 

Jejunum 
Kidneys 
Liver 

Lungs (trachea, larynx, tongue, pharynx)’ 

Lymph nodes 
Mammary gland/skin 
Nbse 
Ovaries 


B. Organ Weights 

Organ weights wlH be recorded from all core study mice for both adtenal glands (0.001 g), 
brain (0.01! g), epididymides (0.001 g), heart (6.01 g). kidneys (0.01 g ), liver (0.01 g) ; lung 
with trachea (0.01 g), spleen (0.01 g), and itestes (0.01 g). Organ tobody weight and organ 
to brain weight: ratios will be calculated. Organ weights from moribund/humane sacrifices 
will be collectedi and reported, but not induded in the data analysis. 


Pancreas 

Pituitary 

Preputial/ditoral glands 

Prostate 

Rectum 

Salivary glands 

Sciatic nerve 

Seminal vesides/coagulation glands 
Spina) cord (cervical; thoracic, lumbar) 
Spleen 

Sternum with bone marrow 
Stomach 

Testes/epididymis 
Thigh muscle 
Thymus 

Thyroid (indiiding parathyroids) 

Tissue masses/tumors 
Urinary bladder 
Uterus 

ZymbaTs gland! 
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C. Histopathoiogy 

Organs/tissues collected from the filtered air control andithe high concentration RASS and 
DEE groups will he processed to slides and stained with hematoxylin and’ eosln for 
histopathologic examination. Special stains wS! be used at thediscretion of the pathologist 
DatawHI be entered onto theXyblon Path/Tox System for all mice. 

A complete histopathologic evaluation) Inclusive of gross lesions will be performed on a)) 
core study mice from the filtered air control! andithe high concentration RASS and DEE 
groups sacrificed! at the end of the 13 week exposure period. Histopathologic evaluation 
will be conducted on gross lesions and designated tissues from all l core study animals. 
Tissues exhibiting effects in the high concentration group(s) will be examined in the low 
concentration group(s) and In the animals sacrificed; at the end of the recovery period. 
Slides may be peer reviewed by the Sponsor. A complete histopathologic evaluation wU! 
be conducted on the following tissues: 


Accessory genital organs (prostate, seminal 
vesicles, coagulation glands): 

Adrenals, right and left 
Aorta (throacic) 

Brain (cerebral cortex, cerebellar cortex, pons/ 
medulla, oblongata) 

Caecum^ 

Cl itorai'glands 
Colon 
Duodenum 
Epididymis 

Eyes with optic nerve (if grossly abnormal); 

Femur; including joint 

Hardterian glands 

Heart 

Ileum 

Jejunum 

Kidney, right and left 

Larynx/lhryngopharynx (step sections, 4 levels, 
ikryngopharynx at the base of epiglottis) 
liver, gallbladder 

Lungs (frpm sections every 5 mm) 

Lymph nodes (mandibular, mesenteric, bronchial 
and mediastinal) 

Mammary glands 


Musculature (thigh) 

Nose/nasopharynx (4 levels; Young, 1981) 

Oral cavity 

Ovaries (mesovaries), right and left 
Pancreas 

Parathyroid glands 
Peripheral nerve (sciatic); 

Pituitary gland 
Preputial glands 
Rectum t 

Salivary glands (submandibular and sublingual) 
Skin 

Spinal cord (cervical, thoracic, and lumbar) 1 
Spleen t 

Sternum with bone marrow 

Stomach (forestomach and glandular stomach) 

Testes, right and left 

Thymus 

Thyroid glands* 

Tongue 

Trachea) 

Urinary bladder 
Uterus 

ZymbaTs glands 

All grossly visible tumors: or lesions suspected 
being tumors 
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D. Statistical Analysis 

Results from this study will!include incidence tables of clinical signs, gross lesions, and 
histopathologic^ observations. Group means wBi be calculated for: 

Body weight 
Body weight gain 
Organ weight 
Organrbody weight ratio 
Organ:brain weight ratio 
Leukocyte parameters 
Nicotine and cotinine levels 
Lung clearance 
Incidence of mlcronucleli 
Incidence of mutant colonies 
Enzyme activity. 

Any group with a sample size less than six wDf have only, means and standard!deviations 
calculated. Group variances for body weight, clinical pathology and organ weight data will 
be compared using Bartlett's test When the differences between group variances are not 
significant (p>0.01); a one-way analysis of variance (ANDVA) will be performed. If 
significant differences (P<0j0t) among the means are indicated by the ANOVA* Dbnnett'fc 
multiple comparison test will be used to determine the intergroup differences. Durmett’s 
makes pairwise comparisons among all group means Indudingi the control groups. 
Significance willi be declared at the 0,05 and 0.01 alpha'levels. 

In the event that Bartlett's test Indicates significant differences between group variances for 
a given parameter, the mean values between the control and each concentration group will 
be compared using the BehrensTTsher toest (Satterthwaite's method will be used to adjust 
for degrees of freedom); Significance wll be declared at the0.05 and 0,01 alpha levels If 
the P value Is less than alpha divided by the number of comparisons madfe (BdnferronPs 
adjustment for multiple comparisons; Miller 1981). 

The percent difference in mean body weights (MBW) between treated and control animals 
will be calculated as follows: 1 

MBW of Exposed Group - MBW of Control Group x 100% 

MBW of Control Group 

E. Study Conduct and Records Retention 

Documentation will be maintained In such ia manner that confidentiality for the Sponsor, in 
all aspects of the study conduct, will be assured! 

This protocol willf be the controlling document The Study Director is to be notified 
immediately for clarification if discrepancies occur between the protocol and the SOPs. Any 
changes to this protocol will'be made in the following manner. IfiBNW initiates the change, 
not associated with cost, verbal (telephonic) approval!wilt be obtained from the Sponsor 
followed by written documentation by BNW to the Sponsor. Any change which impacts the 
cost or schedule of the study will be documented In writing and approved by the'Sponsor 
Representative's signature prior to implementation: The Sponsor may initiate modification 
to the protocol by telephonic authorization to BNW followed by written'documentation as 
stated above. This study will be condUcted in compliance with iGood Laboratory Practice 


^Is procedure is currently In use by the National Toxicology Program, NIEHS, Research Triangle Park* 
NC. 
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regulations, 21 CFR 58. All records required to reconstruct the study will be maintained as 
stipulated In 21 CFR58.19Q. All paraffin blocks and wet tissues resulting from any portion 
of this study will be retalnedbyBNW untl 6 months after acceptance of the final report at 
whfchitlme drey will be sent to the Sponsor. If requested by the sponsor, all microscopic 
slides wBI be: submitted to the Sponsor with the final draft report Records to be retained 
in study archives will be specified by the SOP entitled I’Recordfe to be Retained for Philip 
Morris Studies’. Records that accumulate dtiring the study will be retained at BNW unti 
they are shipped to the Sponsor immediately prior to the termination iofi the contract or until 
the Sponsor requests transfer, whichever occurs first 

F. Draft Report 

Following a Quality Assurance audit erf the raw data and! data tables, a complete and 
detailed draft report will be submittedto the Sponsor within the time frame of the contract 

G. Reference 

Miller, R.G. Jr. 1981. Simultaneous Statistical inference. Springer-Verlag, New York, 
NY. 


ID* PM Pravcarfl 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


2023685893 




^ - 


CONFIDENTIAL 

RASS: Three-Month Study in Mice 
Page IS of 15 

XXIII. BNW APPROVAL 

- 

Earl W. Morgan, DVM; ACVPM. DABT 

Principal I Investigator 

Date 

R.A. Gel man, MS 

Quality Assurance Auditor 

Date: 

XXIV: SPONSOR APPROVAL 



George J. Patskan, PhD Date 

Sponsor's Representative 
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BILLY J. CHOW 


Staff Scientist, Technical Group Leader, Inhalation Toxicology Technical Group, Toxicology Department, 
Batteile, Pacific Northwest Laboratories 


B; Vet Scl. (1964), . National Taiwan University 
D.V.M. (1964), National Taiwan University 

M.S. Animal Nutrition (1968), Kansas State University 

Ph.D„ Physiology (1972), Kansas State University 

Diplomats of the American Board of Toxicology (1981): 


Dr. Ghou joined Batteile in 1984 as Principal Ihvestigator/Toxicologist for the NTP Program. His responsibili- 
tiesare: 

• To be knowledgeable artdup to date in all aspects of the program, Including the status of toxicity 
test(s),recordkeepingi reporting and: detailed analysis of cost for anyorall functions that make up 
the total I operation 

• To be familiar with protocole to be included in studies for a particular chemical, observe animals for 
clinical!signs and recommend dose levels for each test phase: 

Previously, he was employed as Head of the Toxicology and Animal Facility, Department of Pharmacology 
and Toxicology, William'H. Rorer, Ihc. (1976-1984) and, in the same department. Senior Pharmacologist 
(1973-1975). His experience has included: 

• Design, supervision, evaluation: and reporting of toxicity and target organ toxicity (mechanism) 
studies involving, various chemical and potential: therapeutic agents In mice, rats, guinea, pigs, 
rabbits, dogs, nonhuman primates snd pigs. Routes of administering chugs included oral, intramus¬ 
cular, intravenous, dermal, ocuter and: vaginal 

• Design and evaluation of a battery ofshort-term tests for detecting gene'mutations, chromosome 
aberrations and primary DNA damage. 

Itiii his assignment as Head of Toxicology and Animal Facility, Dr. Chou supervised animal husbandry for 
mice, rats, guinea pigs, rabbits,, miniature pigs, dogs and rhesus monkeys. He instituted standard proce¬ 
dures in accordance with the Animal Welfare Act of 1970 and HEW Publication (NIH) 74-23, 'Guide for the 
Care and Use of Laboratory Animals.* Under his guidance the facility was accredited by the American 
Association for Accreditation i of Laboratory Animal Care, and was inspected by both i the U.S. Department: 
of Agriculture and, for Good Laboratory Practices, by the U.S: Food and Drug Administration. 


Publications 

Chou, B. J., C. J. Chang, and Y. C. Lee. 1965: The study of dlmatktal effect on parasites on goat J, 
Taiwan Assoc. Anlm. Husb. Vet Med. 10:2647. 

Chou, B.J. 1968. TheVFA, Non-Protein Nitrogen, TweProtein Content in the Rumen, When Animal 
is on Fattening Ration, Master’s Thesis, Kansas State University, KS. 
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Chou, B. J. and E. L Besch. 1970; Influence of anima! handling omplasma glucose and liver glycogen. 
The Phwslotoalst 13 :167 (abstract); 

Besch, E..L and B. J! Chou. 1971. Physiological responses to blood collection methods in rats. Prmc. Sbc. 

Chou, B. J. and E L Besch. 1971, Influence of thermal stress on the feeding biorhythm of rats. The 
Physiologist 14:122 (abstract); 

Chou, B; J. and E. L Besch. 1972. Biorhythm alterations In heat stressed rhesus monkeys. The Physiolo¬ 
gist 15:106 (abstract). 

ChoUi B. J. andi E. L Besch; 1974. A computer method for biorhythm evaluation' and analysis. JL 
Interdiscfo. Cvde Res. 5:149-160; 

Chou, B. J. and E.. L Besch. 1974. Feeding biorhythm alteration In heat stressed I rats. Aeroso. Med. 
45:535-539. 

Chou; B. J., G. N. Mir, W. R. Brown, W. R. Rapp, and J. Yelnosky. 1978., Toxicity studies onlidamldine 
hydrochlOridB; (WHR01142A) an antidiarrheal agent Arznelm.-Forsch. /Dma Res. 28:1471i-147i6. 

Mir, Gi N„ J: W: Speraw, R. L Riey.R. L Alioto, G. W. Nuss, B. J. Chou, and J. Yelnosky. 1978. Pharma¬ 
cological properties of lidamidine hydrochloride (WHR-1142A) a novel antidiarrhealagent Arzneim.-Forsch; / 
Drug Res. 28:1466-1470. 

Chou, B. Ji, R. A. Renne, R. A. MBler, and W. E. Giddens. 1987. Nasal! lesions In rats and'mice exposed 
by chronic inhalation to selected organic chemicals, p. 34. In: Symposium on Recent Advances in 
Biological and Medical' Sciences, December 17-19,, 1987, Taipei; Taiwan (abstract). 

Melnick, R., J. Roycroft, M: Shelby, B. Chou, R. Miller,,and R; Tice. 1987. Carcinogenicity and genotoxicity 
of 1,3-butadiene. The Toxicologist ' 7:13 (abstract). 


Roycroft, J* H...R. A..Miller, H. A. Ragan, and B. J. Chou. 1987. Toxicologic effects of 13-week Inhalation 
exposure to tetraiUioioethyiene In rats and mice. The Toxicologist 7:189 (abstract). 


Bucher, J. R., M. R. Swell, M. B; Thompson, B., J. Chou, R. Renne, and H. A Ragan. 1990. Inhalation 
toxicity studies of cobalt sulfate in F344/N rats and B6C3F1 mice. Fundam. AddI. Toxinoii 15:357-372. 

Chhabra, R., B; Chou, R. Renne, and R. Miller. 1988, Subchronic toxictty of tetrahydrofuran vapor in rats 
and> mice. Fed! Am. S oc. Exp. Bid. J. &A47fi (abstract). 

Chou, B. J. and R. A Miller. 198B. Human health assessment of Industrial and agricultural toxic chemicals, 
p. 47. In: Abstracts, Symposium on Health Risk Assessment on • Environmental, Occupational and 
Life Style Hazards, December 20-22,1988, Academia Slnica, Taipei, Taipei, Taiwan. 

Melnick, R., J. Roycroft, B. Chou, and R. Miller. 1988. Inhalationitoxicology and carcinogenicity of 1,3- 
butadiene lr>B6C3F1 mice, p. 18. in: Toxicology, Carcinogenesis * and Human Health Aspects of 1,3- 
Butadiene, National Institute of Environmental HOaith Sciences, April 12-13,, 1988; ResearchiTrianglO Park,, 
NC (abstract).. 

Melnick, R., J. Roycroft, B. Chou, H. Ragan, and R. Miller. 1988. Inhalationitoxicology of isoprene in F344 
rats and B6C3F1 mice, p. 31., In: Toxicology, Carcinogenesis, and Human . Health' Aspects of 1,3- 
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Butadiene, National Institute of Environmental Health Sciences. April 12-13,1988. Research Triangle Park. 
NC (abstract). 


Roycroft, J. Hi. R. A. Miller, H. A. Ragan, and B. JL Chou. 1988. Toxicologic effects of 13-week inhalation' 
exposure to acetonitrile in rats and mice. The Toxicologist $250 (abstract). 

Leach, C. L..K..M. Abdo. B. J, Chou, Ji H. Roycroft,and P. W. MeMick. 1989; 13-Week inhalation toxicity 
study of formic acid In; rats and mice. The Toxicologist §s575 (abstract). 

Melnick, R. L, J. H. Roycroft, B. J. Chou, and R. A Miller. 1989. Carcinogenicity of> 1,3-butadiene in mice 
at low Inhalation exposure concentrations, ,p. 143. In: Proceedings of the 80th Annual Meeting of the' 
American Association for Cancer Research, Voi. 30, May 24-27,1989, San Francisco, CA 

Roycroft, J. H., H.A Ragan, R. A Miller, R. A. Renne, and B. J. Chou; 1989. Toxicologic and carcinogenic 
effects of two-year inhalation exposure to bromoethane or chloroethane in rats and mice, pj. 115. In: 
Proceedings of the 80th Annual Meeting of the American' Association for. Cancer Research,, Vol. 
30, May 24-27,1989;, San Francisco, CA 

Bucher, J. Ri, M. R; Elwell. M: B. Thompson, B. J. Chou, R. Renne, and H. A Ragan. 1990. Inhalation 
toxicity studies of cobalt sulfate In F344/N rats and B6C3F1 mice. Fundam; Apoi. Toxicol. 15:357-372. 

Melnick, R. L„J. Huff, B. J. Chou. and R. A Miller. 1990. Carcinogenicity of 1,3-butadlene in C57BL/6 x 
C3H F,| mice at low. exposure concentrations. Cancer Res. 52:6592-6599. 

Melnick, R. L, J. E. Huff, J. H. Roycroft, B. J. Chou, and R. A Miller. 1990. Inhalation toxicology andl 
carcinogenicity of 1,3-butadiene In B6C3F n mice following i65 weeks of exposure. Environ. Health Perspect. 
8§:27-3a 


Melnick; R. L, J. H. Roycroft; B. J. Chou, H. A Ragan, and R. A Miller. 1990. Inhalation toxicology of 
isoprene in F344 rats and B6C3F, mice following two-week exposures. Environj Health Perspect. g§;93-98. 

Roycroft, J. H., M. R; Elwell, R; A Miller, R; A Renne, H. A Ragan; B. J. Chou, and P. W. Mellick. 1990. 
Toxicologic effects erf 14-day and 13-week Inhalation exposure to nitromethane In rats and' mice; The 
Toxicologist 10:205 (abstract). 

Chou, B. J., C. L Leach, R; A Miller, M. G. Hbrstman» H. A Ragan,, J. R. Bucher, and ji H. Roycroft 1991. 
13-Week subchronic inhalation toxicity of 4-chioronltrobenzene (4-CNB) in rodents. The Toxlcoloolst 11:87 
(abstract). 

Chou, B: J., R. A Renne, D. D. Dietz, and J. H. Roycroft 1991. Subchronic and chronic inhalation studies 
of (-epinephrine hydrochloride In rodents, p. 194. In: Proceedings of the Southeast Asian/Western 
Pacific Regional Meeting on Pharmacology. Hong Kong Pharmacology, Society, Hong Kong (abstract). 

Din, J. A, K. H. Stoney„B. J. Greenspan, T. J. Mast.B. J! Chou, J. H. Roycroft, and J1 Dunnlck. 199IL 
Disposition of inhaled cadmium oxide In the rat The Toxicologist 11:234 (abstract). 

Greenspan, B. Ji, J. A DM. T. J. Mast, B..J1 Chou, K. H. Stoneyl R. Morrissey, and Jl Roycroft 1991. Lung 
clearance of Inhaled gallium arsenide (GaAs). The Toxlcoloolst 11:234 (abstract). 


Horstman, M. G., G. L Leach,, P. Vili Mellick, H. A Ragan, B. J. Chou, J. R. Bucher, and JI H: Roycroft 
1991. 13-Week subchronic Inhalation toxiefty ofi2-chloronitrobenzene (2-CNB) In rodents. The Toxicologist 
11:87 (abstract); 
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Mast, T. J., C. L Leach,, R. A. Miller, P. W: Meillck, H. A. Ragan, B. J. Chou, J. H. Roycroft, and J. iC 
Dunnlck. 1991. Inhalation subchronlc toxicity pf cadmlum oxide(CdO) In rodents. The Toxicologist 11 ;84 
(abstract). 

Meillck. P. W., C. L Leach, B. J. Chou, R. D. Irwin, and J. H. Roycroft.. 1991. Nasal toxicity lr» F344 rats 
inhaling furfuryl alcohol for 2 or 13 weeks. ThB Toxicologist 11: 183 (abstract).. 

Miller,.R. A., P. W: Meilick.C. L Leach, B. J1 Chou, R. D. Irwin, and J. H. Roycroft. 1991. Nasal toxicity in 
B6C3F1 mice Inhaling furfuryl alcohol for 2 or 13 weeks. The Toxicologist 11:183 (abstract). 

Roycroft, J. HI, B. J. Chou, H. A. Ragan, R: A. Miller, R, A. Renne, and R..E. Morrissey. 1991. Toxicological 
effects of 14-day, and 13-week Inhalation exposure to gallium arsenide In rate and mice. The Toxlcolbolst 

11:84 (abstract). 
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R: REDACTED MATERIAL 


JOHN R. DECKER 


Research Scientist, Technical Group Leader, Bioengineering and Exposure Technology Technical Group, 
Toxicology Department, Battelle, Pacific Northwest Laboratories 


B:S. ElectricallEngineeringi(1967), Colorado State University - 

Physiology (1968), Colorado State University, (graduate study) 
Physiology (1976),,Washington State University (graduate study) 


Mr. Decker joined thegroup In 1969, and has developed a bioengineering capability within the department 
He is presently Supervisor ofthe Toxicology Bioengineering Group. 

Mr. Decker has participated Ih many areas of study, including biological effects of chemical aerosols, vapors 
and gases, biological effects of magnetic and electric fields, effects of cigarette smoke, effects: of inhaled 
radionuclides, effects of fly ash andisuifuric acid, electrical stimulation of bone growthiInto porous material, 
effects of endogenous heat from Implanted'eiectrical and: nuclear-powered sources, detection of "bends’ by 
Doppler flow metering, detection of eplepsy in dogs by EEG analysis, and Improved methods of male and 
female fertility control. Specific contributions indude design and fabrication: of a liquid vapor generation 
system, a cigarette smoke exposure system, a minicomputer-controlled radioisotope aerosol exposure 
system, equipmentfor a. general lung-function laboratory, both magnetic field and electromagnetic radiation 
exposure systems, specialized electrocoagulation: instruments for sterilization of both maiB and female 
reproduction systems, and a condom: field testing system. 

Mr. Decker has designed andl constructed fuly automated,, computerized data acquisition and control 
systems for a.90-chamber inhalation toxicology laboratory and for a wind tunnel obscurant test system: 

Mr. Decker Is Assistant Principal Investigator for both Exposure and Sampling i System, Setup and Animal 
Exposures for NTP-sponsored Inhalation exposure projects. 

Before joining the Biology and Chemistry Department,, Mr. Decker worked for t year Ih the Occupational and: 
Environmental Protection Department designing and testing radiation detection and dbsimetry instrumenta¬ 
tion. 

As an Electronics Engineer in the Department of Physiology at Colorado State University (1S68)i Mb 
Decker’s graduate work Included the designand construction of biomedical instrumentation for research 
in subprimate neurology. During his undergraduate years Mr. Decker was also employed as an Electronics 
- — Technician at Honeywell, Denver, CO (1966-1967). 

REDACTED REDACT!® REDACTS) 

PuWfcatong 

Herin, R. A. and Ji R; Decker. 1970. Anesthetic mechanisms ofi electric current Imdogs. Am. J. Vet. Res. 
2l;1815-1824l 

_ Herih, R. A.,, J. R, Decker, and J. E. Dunn. 1970. An on-line data acquisition system for recording cerebral 
evoked potentials during electroanesthesia, pp. 303-312. In: Neuroeiectric Research; Electroneuropros - 
thesis. Electroanesthesia and Noncormilsive Electrotherapy, D. V. Reynolds and A. E. Sgoberg (eds.). 
Charles C. Thomas, Springfield, ILL 
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Buschbom, R. L,, Craig, D. K., J. M. Thomas,. J. R. Decker, and J..F. Parle 1972. Alveolar deposition of 
^PuQj aerosols Inibeagle dogs as a function of respiration and aerosol parameters.. Health Phvs. 22:845- 
855. 

Craig, D. K, J. R. Decker, R. L Buschbom; D. L Catt, and J. F. Park. 1972: Relationships between respira¬ 
tion parameters of unanesthetized adult beagle dogs during training and during ^PuOj aerosol i inhalation 
exposures, pp. 200-211. In: Pacific Northwest Laboratory Annual Report for 1971 to the USAEC 
Division of Biology and Medicine, Part i, Biomedical Sciences, BNWL-1650. NTIS, Springfield, VA 

Decker, J. R: and D. K. Craig. 1972. Alpha aerosol monitor, rapid determination oflow-lovel alpha aerosoli 
concentrations: Health Phvs. 23:429 (abstract). 

Craig, D. K, J. R. Docker, and J. P. Herring. 1973. Direct determination of die: percentage total deposition 
of aerosols inhaled by beagle dogs: Health Phvs. 315-316 (abstract). 

Decker, J. R. and R. D. Carmichael. 1973. An electrocautery Instrument for the figuration of the vas 
deferens during vasectomy for sterilization, pp. 5-10: In: Proceedings ; of the 10th Annual Rocky 
Mountain Bioengineering Symposium, D. Dick (ed.). Instrument Society of America, Pittsburgh, PA. 

Decker,. J. R. and M. F. GUIs. 1973. A completely implantable three-channel temperature biotelemetry, 
system. ISA Trans. 12 :97-102: 

Dionne, P. JJ, D. K. Craig, and J. R. Decker. 1973. Minicomputer control of aerosol inhalation exposures, 
pp: 159-162. In: IEEE Region Six Conference on Minicomputers and Their Applications, 1972, 
Honolulu,. HI. CONF-730508, NTIS, Springfield; VA 

Schmidt, S. S., R. Carmichael, J. R. Decker, and: Mi J. Free. 1974: The vas cautery: Battery-powered 
instrument for vasectomy. Urology 3:604-605. 


Craig, D. K., J. R; Decker, and R. LL Buschbom. 1975. Disposition of highly toxic radioactive aerosol inhaledl 
by beaglb dogs. Health!Phvs. 29:919 (abstract). 

Loscutoff, S. M. and J. R. Decker. 1975. Closing volume maneuvers In smokingdbgs. Physiologist 18 :298 
(abstract). 


Decker, J. R., P. J. Hof, andiR. D. Phillips. 1976. Automated rodent respiratory, monitor and histogram: 
computer - A preliminary report Btomed. Sci. Instrnm. 12:7-13. 

Decker, J. R;, P. J. Hof, andiR. D. Phillips. 1976. Automated rodent respiratory monitor and histogram 
computer.-A preliminary report ISA Trans. 15(2) :161 -166. 

Glllis,.M. F.„C. H. Allen; J. L Beamer, T. W. Jeffs, J. R. Decker, and R. D. Philips.. 1977. A system for the 
continuous exposure of miniature swine to60-Hz electric fields, p. 21. Ire 1977 International USRI/USNC 
Symposium on the Biological Effects of Electromagnetic Waves, National Academy of Sciences, 
Washington, DC (abstract). 

Kaune, W. T., J. R. Decker, R. D: Philips, and D. L Hjeresen.' 1977.. A system .for the exposure of large 
numbers of small!laboratory animals to vertical 60-Hz electric fields, p. 20. Ihi 1977 International USRI/ 
USNG Symposium on the Biological Effects of Electromagnetic Waves, National I Academy of Sci¬ 
ences; Washington; DC: (abstract). 
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Phillips. R. D...M. F. Gills, C. Hi Allen, J. L Beamer, R. L Richardson. W. Ti, Kaune, T. W. Jeffs, andU. R: 
Decker. 1977. Effects of Electric Fields on Large Animals. Interim Report EA-458, Bectric Power 
Research Institute, Palo Alto, CA 

PhBIlps, R. D.,WiT. Kaune, J. R. Decker,, and D. L Hjeresen. 1977. Biological Effects of High-Strength 
Electric Fields on Small Laboratory Animals, CONS/183G-1, Conservation DMfcton; Energy Research 
and Development Administration, Washington, DG. 

Decker, J. R.,.W: T. Kaune, and H. E. Stevens, 1978,. A microprocessor-based environmental monitor for 
large animal experimental facilities. Blomed. Sd. Ihstrum. 14:109-1141 

Karaglanes, M. T., J. IL Beamer, A. J. Ctary. D. K. Gralg, J. R; Decker, and W. C. Gannon: 1978: 239 Pu0 2 
aerosol Inhalation exposure of miniature swine. Radiat. Res: 74:79-87. 

Kaune, W. T., J. R. Decker, R. D. Phillips, and M, F. GUIIs. 1978. Design of exposure systems for ELF 
electric field bioeffects research. Health Phvs. 35:890 (abstract): 


Phillips, R. D., Mi F. Gillis; J. L Beamer, C. H. Allen, W: T. Kaune, J. R. Decker, T. W. Jeffs, and Ri L 
Richardson. 11978. Effects of Electric Fields on Large Animals , Third Interim Report PNL-2850, Pacific 
Northwest Laboratory: Richland; WA Electric Power Research Institute. Palo Alto, CA. 

Decker, J. R,, W. T. Kaune, and M. F. Gillis. 1979. Animal housingidesign considerations in dc electric field 
bioeffects research, pp. 5.1-5.16. In: Proceedings of’the DOE Workshop on Electrical and Biological 
Effects Related to HUdc Transmission’, October 19-20,1978, PNL-3121, Pacific Northwest Laboratory, 
Richland, WA. NTIS, Springfield, VA 

Decker, Ji R., E..6. Kuffel, D. D. Mahlum, Mi R. Sikov, andiC. P. Harris: 1979. An environmentally controlled 
system for exposure of: mice to large dc magnetic fields, pp: 447-461, In: Biological Effects of Extremely 
Low Frequency Electromagnetic Fields, R. D. Phillips, M. F. Gillis, W. T. Kaune, and D. D. Mahlum (eds.), 
18th Hanford Life Sciences Symposium, October 16-18,, 1978, Richland, WA. CONF-781016, NTIS, 
Springfield, VA. 

Decker,. J. R.„ J. F. Park, and D. K. Craig. 1979. A method for measuring respiratory volume parameters 
of largB animals duringiexposure to aerosols: Am. Ind. Hvo. Assoc, J. 40:567-577. 

Hjeresen, D: L, D: I. Hilton, and J. R. Decker. 1979. Effects of 60-Hz electric fields on shuttiebox perform¬ 
ance of rats. Ih: Biological Effects of Extremely Low Frequency Electromagnetic Fields, R. D. Phillips, 
M. F. GBIis, W. Ti Kaune, and D. D. Mahlum (eds.), IBth Hanford Life Sciences Symposium, October 16-18; 
1978,. Richland, WA. CONF-781016, NTIS. Springfield, VA. 

Mahlum, D. D., M. R. Slkov, and J. R. Decker. 1979. Dominant lethal studies in mice exposed to dc 
magnetic fields, pp. 474-4841 In: Biological Effects of Extremely Low Frequency Electromagnetic 
Fields, R. D. Phillips, M. F. Gillis, W. T. Kaune, and D: D. Mahlum (eds.), 18thiHanford Life Sciences Sym¬ 
posium, October 16-18,1978, Richland. WA. CONF-781016, NTIS, Springfield, VA 

Phillips, R. D., M. F. Gillis, J. L Beamer, C. H. Allen, W. T. Kaune, J. R. Decker, T. W. Jeffs, and H. A Ragan. 
1979. Biological Effects of Electric Fields on Large AnimaJs, Annual Report to Bectric Power Research 
Institute, PalbAlto, CA PNL-285Q: Pacific Northwest Laboratory, Richland, WA NTIS, Springfield, VA 

Sikov; M: R„ D: D. Mahlum, L. D. Montgomery, and J. R. Decker. 1979. Development ofimice after intra- 
uterine exposure to dc magnetic fields.pp. 462-473. In: Biological Effects of Extremely Low Frequency 
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Electromagnetic Reids,, R. D. Phillips, M. F. GUIs; W. T. Kaune, andiD. D. Mahlum (eds.), 18th Hanford 
Life Sciences Symposium, October 16-18^,1978, Richland, WA. CONF-781016, MTIS, Springfield] VA. 

Wehner, A. P., E. M: Mliiman, D. B. Carr, and J. R. Decker. 1979. Inhalation Bloassay of Cigarette 
Smoke In Rats, Technical Report to Enviro Control, Inc., Rockvflle, MD. Battetie, Pacific Northwest Labora¬ 
tories, Richland,.WA. 

Frazier, M. E., J. R: Decker; W; T. Kaune, Dr D. Mahlum, M. R. Sikov, and J. A. Strand: 1980. Biological 
effects of magnetic fields: A progress report, pp. 679-686. in: Health Implications of New Energy 
Technologies, Vol.XXJ; W. N. Rom and V. E. Archer (eds.), April 4*-7, 1979, Park City, LIT. Ann Arbor 
Science Publishers, Ann Arbor, Ml. 

Hjeresen, D. L,,W. T. Kaune, J. R. Decker, and R. D. Phillips. 1960. Effects of 60-Hz electric fields on 
avoidance behavior activity of rats. Bloelectromaanetlcs 1:299*312. 

Kaune, W. Tl, C. H. Allen, Ji L Beamer, J. R. Decker, M. F. GSlis, R. D. Phillips, and R. L Richardson. 1980. 
Biological effects of 60-Hz electric fields on miniature swine: Exposure facility. IEEE Trans. Power Apparat. 
Svs. PAS-99: 120-128. 


Mahlum,. D. D., M. R: Sikov, and: J. R. Decker. 1980. Dominant lethal studies in mice exposed to dc 
magnetic fields, p.4.8. In: Pacific Northwest Laboratory Annual Report lor 1979 to the DOE, Assistant 
Secretary tor Environment, Part 1, Biomedical Sciences, PNL-3300. NTISj Springfield, VA. 

Nelson, D. A, E. G: Kuffel, and J. R: Decker. 1981. A controlled system for rodent exposure to dc magnetic 
fields, p. 82: In: Abstracts, Third Annual' Conference of the Bioelectromagnetics Society, August 9- 
12,19811, Washington, DC. 


Wehner, A. P., G. E. Dagle, E. M. Milliman, D. W. Phelps, D. B. Carr, J. R. Decker, and R: E. Filipy. 1981. 
Inhalation! bioassay of cigarette smoke In rats. Toxicol, tool. Pharmacol. gi:l-17. 

Decker, J. R., O. R. Moss, and B. L Kay. 1982. Controlled-delivery vapor generator for animal exposures. 
Ami Ind. Hvq. Assoc. J. 43:400-402. 

DeFoid, H. S., M. L Clark. and J. R. Decker, Jr. 1:982. A laboratory-scale, conveyor/metering device and 
combustor for generating smoke from solids at a uniform rate: Am, Ihd. Hvo. Assoc:. J. 43:764-766. 

Kelman, B. Jl, D. D, Mahlum, and J. R. Decker, 1982. Effects of exposure to magnetic fields on the preg¬ 
nant rat, p. 52. In: Abstracts, Fourth Annual Scientific Session of the Bioelectromagnetics Society, 
June 28-Juiy 2,1982, Los Angeles, CA. 

Moss, O. R., J. R. Decker, and W. C. Cannon. 1982. Aerosol mbdng in an animat exposure chamber having* 
three levels erf caging with excreta pans. Am. Indl Hvo Assoc. J. 43:244-249. 

Moss, O. R. and J. R. Decker. 1984: Chemical monitoring of aerosols in inhalation chambers. Chapter 12, 
pp. 149-157. In: Chemistry for Toxicity Testing, C. W, Jameson and D. B. Walters (eds.). Butterworth 
Publishers, Stone ham, MA. 

MaronpoL.R. R., R, A, Miller, W. J. Clarke, R: B. Westerberg, J. R. Decker, and O. R. Moss. 1986. Toxicity 
of formaldehyde vapor inB6C3F1 mice exposed if dr13 weeks. Toxlcoloov 41:253-266. 


Hackett; P. L, M. R. Sikov, J..R. Decker, J. J, Evanoff, T. J. Mast, B. L Hardin, and B. A. Schwetz. 1988: 
Developmental toxicity of inhaled 1,3-butadlene Ih rodents. The Toxicologist 8: 243 (abstract): 
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Mast, T. J., P. L Hackett, J. R. Decker. R: L Rommereim, B. L Hardin, R. E Morrissey, and B. A. Schwetz. 
1988. Perinatali inhalation exposure of rats to n-hexane. TheToxicoloalst g:243 (abstract). 


Filipy, R. E, K. E. Laubala, D. R. McGee, W. C. Cannon, R; L Buschbom, J1 Ri Decker, E. G. Kuffe), J< F. 
Park,, H. A. Ragan; S. S. Yaniv, and B. R. Scott. 1989. Inhaled U7 Pm and/or Total-Body Gamma 
Radiation: Early Mortality and Morbidity In Rats, NUREG/CR-5353/PNL-6891. Pacific Northwest 
Laboratory. Richland, WA, U.S. Nuclear Regulatory Commission, Washington, DC, 93 p. 


Mbrrissey, R. E., B. A. Schweiz, P. L Hackett, M. R; Slkov, B. D. Hardin, B, J. McClanahan, Jl R; Decker, 
and T. J. Mast 1990. Overview of reproductive and developmental toxicity studies of 1,3-butadiene in; 
rodents. Environ. Health Persoect 86:79-841 

Weigel, R. J.. M. L Clark, R. B. Westerberg, J. R; Decker. and:T. J. Goehli 1991. Use of a rotary evaporator 
system to generate'high purity vapors from reactive liquids for inhalation studies. The Toxjcoipolst 11:105 
(abstract). 


Presentations 

Hilton, D. I., J. R. Decker, R. D. Phillips, and A. P. Wehner. 1976, Noninvasive Physiological Measurement 
Techniques. Performed on Fischer Rats Exposed to Smoke from Three Different Types of Cigarettes. 
Presented atlheAnnual Meeting of the Society of Experimental Biology and Medicine, 1976, Portland, OR: 

Decker, J. R., H. E Stevens, and W. T. Kaune. 1978: A Microprocessor-Based Environmental Monitor for 
Large Animal Experimental Facilities. Presented at the 15th Annual Rocky Mountain Bioengineering Sym¬ 
posium, April 17-19,1978, Ames, IA. 

Decker, J. R., W. T. Kaune, and M. F. Gills. 1978: Animal Housing Design Considerations in dc Electric 
Reid Bioeffects Research. Presented at: the Workshop on Electrical and Biological Effects Related to HVdc 
Transmission, October 19-20,1978, Washington. DC. 

Frazier, M. E.„ J. R. Decker, W. T. Kaune, D; D. Mahlum. M. R; Sikov, and J. A Strand. 1979. Biological 
Effects of Magnetic Fields: A Progress Report Presented at the Symposium on Health Implicationsof New 
Energy Technologies, April 4-7,1979, Park City, UT. 

Kaune, Wi T., C. H. Allen, J. L Beamer, Jl R. Decker, M. F. GBlis, R: D. Phillips, and R. L Richardson. 1979i 
Biological Effects of 60-Hz Electric Fields on Miniature Swine: Exposure Facility. Presented at the IEEE 
Power Apparatus and Systems Summer Meeting, July 15-20, 1979, Vancouver, B.G. 

Mihalko, P. J... E. G. Kuffei, and J. R. Decker. 1980. An Automatic System for Generating Repeatable 
Forced Vital Capacity Maneuvers in Rodents. Presented at the Northwest Section of the Federation of> 
American Societies for Experimental Biology and Medicine Meeting. October 1980, Vancouver, BC. 

Moss,. O. R., D. H. WMardi and Jl R. Decker. 19811 Flexible Brush Dust Feed: Solving the Problem of 
Decreasing Output: Presented at'the 14th Annual' Aerosol I Technology Meeting, August 24-26, 19811 
Baltimore, MD. 


Nelson, D: A, E. G. Kuffei, and Jl R. Decker. 1981. A Controlled System for Rodent Exposure to dc 
Magnetic Fields. Presented at the Bioelectromagnetics Society, Third Annual Meeting, August 10-12,1981, 
Washington, DC. 
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Westerberg, R. B.. J, R. Decker, and T. J. Goehl. 1988. Analytical Chemistry Support of the National: 
Toxicology Inhalation Studies Performed at Battelle-Northwesti Presentedat the 43rd American Chemicall 
Society Northwest Regional!Meetings, June 29-July 1,1988, Spokane, WA. 

Weigel, R: J., Mi L Clark, R. B. Westerberg, J. R. Decker,, and T. J. Goehl. 1991. Use of a Rotary Evap¬ 
orator System to Generate High Purity Vapors from Reactive liiquids for Inhalation Studies. Presented at 
the 3Bth Annual Meeting of the Society of Toxicology, February 25-March 1,1991; Dallas, TX. 


Invention 

DeFord, H. S., M. L Clark, and J. R. Decker. Red Phosphorus Metering and I Combustion System, 1981. 
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JEFFREY A. DILL 

Senior Research SdentlsL. Analytical Chemistry Technical Group, Toxicology Department, Battelte, Pacific 
Northwest Laboratories 

B.S. Chemistry (1979), University of New Mexico 
Ph.D. Analytical Chemistry (1983). Colorado State Unh/etstty 


Dr. Dill joined the Department in 1987. His duties involve development and'evaluations analytical meth¬ 
odologies used in; chemical characterizations and qualification of test atmospheres used in inhalation- 
toxicology, studies. He is currently working with formicacld and gliitaraldehyde exposures. 

Previously, Dr. Dll was employed by Pacific Northwest Laboratory (PNL) in waste packaging studies for 
nuclear waste repository investigations. Before joining PNL, he worked for Rockwell Hanford Operations 
as a Solution Chemistry Laboratory Team Leader. His experience was principally In inorganic analysis of 
natural water samples,,supporting nudfear waste repository investigations. 


REDACTED 

Publications 


REDACTED 


DU,. J. A., T. E Jones, and A. D. Marcy. 1984. An Evaluation of the Stability of Synthetic Groundwater 
Formulations GR-3 and GR-4, Basalt Wasto lsolation Project,,HHO-SD-BW1-TD-013: Rockwell Hanford 
Operations, Rlcbland.WA 


Dill,, Ji A., G. C. Alien, R. G. Johnston, R. B. Kasper, G. L MtKeonj and M. I. Wood. 1986: Studies of the 
Chemical Speclation and Fate of Selenium in a Basalt Groundwater Matrix at 750*0, Basalt Waste 
Isolation Project Rockwell Hanford Operations, Richland, WA 

Dill, J. A,,T. E Jones, and A D. Marcy. 1986. Limitations In Determining Redox Chemistry In Basalt 
Groundwaters at the Hanford She, Basalt Waste Isolation Project, RHO-BW-ST-76P: Rockwell Hanford' 
Operations, Richland, WA. 

DSI, J. A. and AD. Marcy. 1986. Analysis of Lithium In Deep Basalt Groundwaters Using Graphite 
Furnace• Atomic Absorption Spectrophotometry, Basalt Waste isolation Project, RHO-BW-SA-556. 
Rockwell Hanford Operations, Richland, WA. 

Dill, J. A, K. H: Pool, T. E JOnes, M. J. Apted. D. M. Strachan, and Hi J: Cartmell. 1986. Development 
of a Synthetic Brine Solution for the Fluid Flew Investigation Project, Letter Reportto the U.S. Depart¬ 
ment of Energy. BatteXe, Pacific Northwest Laboratories, Richland, WA 

Leyden, D. E and J. A Dll. 1986. Matrix effects in the chemistry of amlrioslane modified silica surfaces. 
In: Chemically Modified Surfaces;, D. E Leyden (ed.). Gordon and 1 Breach Science Publishers, 

Nhw York, NY. 


DSI,, J. A, F. N. Hodges, S. G: McKinley. N. H: Uzlemblo, K. H. Pool) and M. J. Apted. 1987. Annual 
Technical Report, Fluid Flow Investigation' Project, Mlestone Report to U.S. Department of Energy, 
Repository Technology Program. Pacific Northwest Laboratory, Richland, WA 
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DM, J. A., J. J; Mahoney, and J. R. Burnell; 1987. Status Report on the Preparation of the Shielded 
Hydrothermal Flow Facility, (SHFF) and Transfer of Injection Technology to the■ Shielded Test 
Facility (STF) , Milestone Report to Basalt Waste Isolation Project, Hydrothermal lnteractions Project Pacific 
Northwest Laboratory, Richland, WA 

Jones, T. E., J. A. Dill, K. H. Pocdi H. J. Cartmell, B. M. Thornton, and D. L Eggett 1987. An* Experimental 
Evaluation of the Stability of a Simulated, Site-Specific Brine, PBB-3, Letter Report to MaterialiCharac- 
terization Center. BatteHe*. Pacific Northwest Laboratories, Richland, WA. 

Mast, T. J., J. A DM, J. Ji Evanoff, R. L Rommerelm, R. J. Weigel, and R. B. Westerberg. 1988. Inhalation 
Developmental Toxicology Studies: Teratology Study of Methyl Ethyl Ketone In Mice, Draft Report 
to National Toxicology Program, Pacific Northwest Laboratory, Richland) WA 


DM,, J. A, 1C H. Stoney, B. J. Greenspan, T. J. Mast, B. J. Chou, J. H. Roycroft; and J. Dunnick. 1991.. 
Disposition of; inhaled cadtnium oxide In the rat The Toxicologist H:234 (abstract). 


Greenspan, B. J., J. A DM, T. J. Mast, B. J. Chou, K Hi Stoney, R. Morrissey, and J. Roycroft. 1:991. Lungi 
clearance of inhaled gallium arsenide (GaAs). TheToxicoloqist 11:234 (abstract); 

Schwetz, B. A. T. J. Mast, R. J. Weigel, J. A DM, and R. E. Morrissey. 1991. Developmental toxicity of 
inhaled methyl ethyl ketone in Swiss mice. Fundam. Aool. Toxicol. 16:742-74B. 


Presentations 

Jones, T. E, J. A Dill, and B. E. Nusser. 1978. Extraction of Heavy Metals using Macrocydic Polythia- 
ethers. Presented at the American Chemical Society, Rocky Mountain Meeting, 1978) Boulder,. CO: 

Leyden, D. E., S. W. Morrall, G. S. Carvajal. J, A DM, B. L Hawkins, and G. E. Maciel. 1984. Characteriza¬ 
tion of Chemically Modified Silica Surfaces. Presented at the 11th Annual Meeting of the Federation of* 
Analytical Chemists and Spectroscopists Society (FACSS-11), September 18-21,1984, Philadelphia. PA 

McKinley, J. P, J. A DM, and T. O. Early. 1985. Experimental Studies of Basaltic Aquifer Compositionali 
Variations in the Columbia Plateau, Washington. Presented at the 81st Annual Meeting of the CordMeral! 
Section of the Geological Society of America, May 8-10,1985, Vancouver, B.C. 

DM, J. A and A.D. Marcy. 1986; Analysis oMJthlum in Deep Basalt Groundwaters using Graphite Furnace' 
Atomic Absorption Spectrophotometry. Presented at the 41st Annual Northwest Meeting of the American 
Chemical Society, Portland Section, June 16-18,1986* Portland) OR.. 

DM, J. A and D. T. Reed. 1986. Decomposition of Radidytically Generated Hydrogen Peroxide in a Basaltic 
System; Presented at the 41stAnnual; Northwest Meeting of the American Chemical Sodety, Portland 
Section, June 16-18,1986,.Portland, OR) 

Rawson, S. A, D. L Lane*. C. C. Alien, N. H: Uziemblo, and J. A DM. 1987. Zonation of Clay Mineral 
Assemblages Ih Row-Through Experiments In the System Basalt-Groundwater. Presented at the 1987 Clay. 
Minerals Society Meeting, October 19-22,1987, Soccorro, NM: 

Rawson, S. A, D. L Lane, C. C. Allen, N. Hi Uziemblo, and J. A DU. 1987. A Comparison ofSecondary 
Minerals Formed In Basaltic Row-Through Experiments with Natural Alteration Assemblages, Presented at 
the 1987 Annual Meeting of the Geological Society of America, October 26-29,1987, Phoenix,. AZ. 
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Dll, J. A;, R.B, Westerberg; L A. Ping el* and W: C. Forsythe. 1988, Automated Determination of Formic 
Acid Vapors using Long Pathlength Infrared! Spectroscopy. Presented at the'43rd American Chemical. 
Society Northwest Regional Meetings, June 29-jtly 1, 1968, Spokane; WA. 

Dll, J. A., K. H. Stoney, B; J. Greenspan, T. J. Mast; B. J. Chou, J. H. Roycroft and Ji DunnlCk. 1991. 
Disposition of Inhaled Cadmium Oxide in,the Rat Presented at the 30th Annual Meeting of the Society of 
Toxicology, February 25-March It 1991, Dallas, TX. 

Greenspan, B. J., J. A. Dll, T. J. Mast, B. J. Chou, K. H. Stoney, R. Morrissey, and J. Roycroft 1991. Lung, 
Clearance of Inhaled Gallium Arsenide (GaAs). Presented at the 30th Annual Meeting of the Society of 
Toxicology, February 25-March It 1991, Dallas, TX. 

Mast; T. J., J. A. DII. Bi J. Greenspan, J. J. Evanoff, R. E, Morrissey, and B: A: Schwetz. 1991. Develop¬ 
mental Toxicity and MatemalrFetal Distribution of Inhaled Gallium, Arsenide'in Rodents. Presented at'the 
30th Hanford Symposium on Health and the Environment October 29-November It 1991, Richland, WA; 
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R. ANN GELMAN 


Quality Assurance Specialist, Quality. Assurance Unit; Life Sciences Center, Battelle,. Pacific Northwest 
Laboratories 


B.S. Foods and Nutrition (I860), Carnegie Mellon University 
M.S. Nutrition (1965),. University of Pittsburgh 

AA Quality Assurance (1985), Columbia Basins College 


Ms. Geiman, . who has been with Battelle since 1976; was assigned to the Quality/Assurance Unit (QAU) in 
February 1981. She is responsible for supervising the activities of the QAU; for assuring management that 
projects conducted:under Good Laboratory Practices (GLP) regulations for nondlnicaJ laboratory studies 
are in compliance with those regulations; for assuring management that the research facility is In compliance 
with those regulations; ;fbr audit and surveillance actMtIes necessary to assure compliance; for working with 
Project Managers (Study Directors)' in setting up GLP procedures and documentation for their projects 
(studies); for coordinating.activities during external audits by government and client representatives. 

Previously (1976-1981); Ms. Gel man was a Technical Specialist In the Cell Biology Section of the Biology 
and Chemistry Department She was responsible for working with staff scientists In various areas. Including 
the toxicology of Inhaled fossl-fuel-related carcinogens and of Inhaled pdyamlnocarboxyilc acids used for 
excorporation of radionuclides.. 

Before coming to Battelle, Ms. Gel .man was a Senior Research Assistarftinthe Department of Pharmacology 
and Physiology, School of Dental Medicine, University of Pittsburgh (1966-1976); Mar responsibilities 
included supervising^ research laboratory which specialized in the biochemistry of trace lipids. 

Prior to that time, Ms. Galman was Senior Research Dietitian at the: Clinical Research Center, Stanford 
Medical Center, Palo Alto, CA (1966-1968). She supervised the actMtIes of:the Dietary Department of the 
Center. 

From 1960-1964! Ms. Gel man was Research i Dietitian, Department of Biochemistry and Nutrition,. Graduate 
School of Health, University of Pittsburgh. She planned and implemented research diets, and instructed 
patients regarding therapeutic diets. 
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Publications 

Geiman,, R. A. and J. R. Gilbertson. 1965. Free fatty aldehydes In serum. Blochem. Btoohvs. Res. 
Cotnmun. 2Q:427-432. 


Gilbertson, J. R.. W. J. Ferrell and R: A. Geiman. 1967. isolation and analysis of free fatty, aldehydes from 
rat.-dog and bovine heart muscle. J: Lipid Res. 8:38-45, 


Geiman, R. A. and J. R. Gilbertson. 1969. The quantitative and qualKative anatysis of alkyl cr-giycsrol ethers 
as alkoxy acetaldehydes. 
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GBbertson, JI R. and R; A Gelman. 1969. Methods of analysis of alkyl and alkenyl ethers in. total llpidi 
extracts. Methods Med. Res. 12:92-98. 

GBbertson, J. R„ H. H. Garilch, and FLA Gelman. 1970. Evidence for the existence of cholesteryt alk-l-enyi 
ethers Ih bovine and porcine cardiac muscle. J. Upld Res. 11:201-208. 

Gilbertson, J. R., C. Buffenmyer, FL C. Johnson, and R. A Gelman. 1972: Further studies in the Isolation 
and characterization!of free fatty aldehydes, free fatty alcohols anda-glycerol ethers. J. Upld Res. 13:491- 
500. 

NaccaratO, W. F.. R. A Gelman,, J. C. Kawalek, and Jj R. GBbertson. 1972. Characterization and metab¬ 
olism of free fatty albohofc from Escherichia coli. Ubkls ;7:275-281i. 

NaccaratO, W. F., J. R. GBbertson, and Ri A Gelman. 1974. Effects of different culture media and oxygen 
upon lipids of Escherichia coll K-12. Lipids 9:322-327. 

NaccaratO, W. F, J. R. GBbertson, and R: A Gelman. 1974. In vivo and in vitro, biosynthesis of free fatty 
alcohols In Escherichia coll K-12., Lipids 9:419-428. 

Gelman, R. A and J. R. Gilbertson: 1975. Permeability of the blood-brain barrier to long-chain alcohols 
from plasma. Nutr. Metab. 18:169-175. 

Gilbertson, J. R., R. A Gelman, and J. A Schmutz. 1975. Comparison of the quantitative and qualitative 
composition of the free fatty aldehydes, alcohols and alkoxy lipids of rat submaxillary gland and brain. Arch. 
Oral Biol; 20:527-530: 


GBbertson, Ji R., R. A Gelman, P. Ove, et ai. 1977. Inhibition of growth of Mbrris hepatomas 7777 and 
7800 by comi oil. Oncology 34:62-64. 

Smith, V. Hi, R.. A Gelman: G. E. Dagle, and Hi A Ragan. 1978. Studies of Inhaled Ca-DTPA to the rat 
lung. Health Phvs. 35:913 (abstract). 

Gelman, R. A and V. H. Smith. 1979. A sensitive assay for diethylenetriamine-pentaacetic acid lm urine 
using paper chromatography. Fed. Proc. 38:543 (abstract). 

GBbertson: Ji R., R: A Gelman, T. S. Chiuj LII GBbertson: and T. E. Knauer. 1979: Effect of small amounts 
of pentadecan-2-one on the growth ofi Cl. butyrricum. J: Lipid Res: 12:757-762. 

Gilbertson, Jl R., R. A Gelman: M. A Choby, and T. Gi Zullo, and G: P: Sartiano. 1979. Serum long-chain 
alcohol favels in healthy Individuals andlln patients with breast cancer. Oncology 36:144-147: 

Smith, V. H. and R. A Gelman. 1979. Relative soiubBity in simulated biological fluids of Pu0 2 on air sampler 
filters,, pp. 15-16. In: Abstracts of the 25th Annual Environmental ancf Analytical Chemistry and 
Bloassay Conference, Las Vegas, NV. 

Gelman, R. A, C. S. Skinner, and V: H. Smith. 1980; Percutaneous penetration and tissue distribution of 
14 C-benzo[a]pyrene in the mouse. Fedl Proc. 39:8811 (abstract!., 

Smith, V; H., G. E. Dagle, R. A Gelman, andIH. A Ragan: 1960. Early effects of inhaled Ca-DTPA on the 

rat luma Toxicol: Lett 7:9-16. 
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Sanders, C. L, A W. Conklin, R. A Gelman, R. R; Adee, and K. Rhoads. 1982: Pulmonary toxicity of Mount 
St Helens volcanic ashi Environ. Rbs. 27:118-1351 

Sanders, C. L, R. A Gelman, and C. S. Skinner. 1964. Percutaneous absorption of 7,10: 14 C-benzo[a]py- 
rene and 7,12 14 C-dimethylbenz(a]anthracene in mice. Environ. Res. 33:353-360. 

Clarke, W: J.„R. B. Westerberg. D: Falrchld, R. A MHIhr, and R. A Gelman (Contributors). 1985. Toxicol¬ 
ogy and Carcinogenesis Studies of Propylene In F344/.N Rats and' B6C3F , Mice (inhalation 
Studies), NIP TR 272; NIH Publication NOj 86-2528. National Toxicoltogy Program, Research Triangle Park, 
NC. 
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ANDREW W. GIESCHEN 


Scientist, Analytical Chemistry Technical Group, Toxicology Department, Battelle,, Pacific Northwest Labora¬ 
tories 

B.S. Chemistry (1983); Arizona State University 

B.S. Microbiology (19S3), Arizona State University 
M.S. Chemistry (1986),, Washington State University 

Mr. Gieschen is currently enrolled’In the Tri-Cities University Center Master’s Degree program for 
Electrical Engineering. 


Mr. Gieschenijoined the section In 1967: He Is Involved in measurement of chemicals in support of inhaia* 
tioni toxicology programs. His responsibilities Include preparingi-reports and proposals and developing 
experimental methods and protocols. Current projects on which ha fe working include Inhalation exposures 
to chloroprene, Isoprene, butadiene, HCCPD. formic acJd, tetrahydrofuran. acetonltrSe and glutaraldehyde; 

As a Graduate Research Assistant at Washington State University (1984-1986), Mr. Gieschen performedi 
research on the synthesis and characterization of organic compounds used to study hydrogeni peroxide 
soivylitic rearrangements, including computer modeling of macrocydes. He has a strong Interdisciplinary 
background in biochemical, pharmaceutical: and organic chemistry, with academic training in electrical 
engineering and computer programming. He has experience with flash chromatography and thin-layer 
chromatography, has operated the Cary UV-V1S spectrophotometer, JedFX 90Q NMR, Nicdet R3m/E 
diffractometer, Nicolet MX-90, FT-iR,. and other common chemistry techniques and instruments. 

He has also had extended experience with personal'compilers (DOS, dBASE II & 111, LOTUS 1,2,3, Fortran, 
Pascal,. BASIC, Assembly Language, Word, WordStar) and the CMS operating system. 

As an undergraduate Research Assistant at Arizona State University (T982-1983), Mr. Gieschen investigated 
the role of tannins in the defense of plants, gaining experience in visual spectrophotometry, experiment 
design, and computer data management using PDP-11, Wyjbur, SAS, and Minitab. 

REDACTED REDACTED 


- -Bufajicattao 


Gieschen, A. W., B. J. Greenspan; R: B. Westerberg, T. J: Goehl, and J. H. Roycroft. 1991. Generation, 
monitoring, and concentration verification of PPB concentrations of glutaraldehyde for Inhalation studies, 
(abstract); 


Presentations : 

Gieschen, A. W., R. J. Weigel, K. H. Stoney, and R: B. Westerberg. 1988. Determination of Chloroprene 
and Related Compounds in Inhalation Chambers by Gas Chromatography. Presented at the 43rd American 
Chemical Society Northwest Regional Meetings, June 29-Juty 1, 1968, Spokane, WA, 
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Gisschertj A. W., B: J. Greenspan,,R. B. Westerberg, T. J. Goehl, and J. H. RoycrofL 1091. Generation^ 
Monitoring, and Concentration!Verification of PPB Concentrations of Gltitaraldehyde for Inhalation Studies. 
Presented at the 30tlv Annual Meeting of the Society of Toxicology, February 25-March 1,1991, Dallas, TX. 
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BERNARD Jl GREENSPAN 


Staff Scientist, Technical Group Leader, Aerosoland Inhalation Research (AIR) Technical I Group, Toxicology 
Department, Battelle, Pacific Northwest Laboratories 


BA Physics (1975), Clark University 

M.S. Biophysics (1978), University of. Rochester Medical Center 

Ph.D. Biophysics (1981); University of Rochester Medical Center 


Dr. Greenspan joinedithe Department In 1985. He Is responsible for designing inhalation toxicity, studies, 
basic aerosol research, and exposure task management'for NTP and industrial clients. 

Previously (1983 to 1985), he; was a Postdoctoral Participant in the Radiobiology Group of the Lovelace 
Inhalation Toxicology Research Institute, wherahe was Involved in .studies of the toxicity of lithium combus¬ 
tion aerosols and of the metabolism of inhaled beryllium aerosols.. From 1981 to 1983 he was a Staff 
Scientist in.the Inhalation Department of the Union Carbide-MeHonlnstitute, Bushy Run Research Center. 
He was responsible for. the .design of aerosol, dust and vapor exposure systems. From 1973 to 1975 Dr. 
Greenspan was employed as a Technical Specialist atthe University of Massachusetts Medical School. He 
was Involved In studies on the knee-]oiittafferent neurons In cats and monkeys, and in examining the effects 
of pharmacological agents on transmission across the neuromuscular junction of rat. diaphragms. 


REDACTED REDACTED 

REDACTED 

REDACTED 


Publications 

GriQfl, P. and B, J. Greenspan. 1977. The response of primate joint afferent neurons to mechanical 
tion of knee foint J. Neurochvsiol. 

- — Greenspan, B, J. 1981. The Effects of Cadmium on Phagocytosis by Pulmonary Macrophages and 
on Titanium ■ Dioxide Clearance from the Lungs of Rats, Ph.Dr Thesis., University of Rochester, 
Rochester, NY. 

Allen, M. D., B. Greenspan, and M. D. Hoover. 1984. Fusion reactor Inhalation hazards: Generation ofi 
lithium combustion aerosois, pp. 3-7. In: inhalation Toxicology Research institute Annual Report, LMF- 
113, DOE Research and Development Report NT1S. Springfield, VA. 

Eidson, A. F., M. D. Hoover, B. J. Greenspan, and G. A. Comellr 1984. Characteristics of beryllium aerosols 
for toxicity studies, ppj 12-15. In: inhalation Toxicology Research Institute Annual Report, LMF-113, 
DOE Research and Development Report NT1S, Springfield, VA. 
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Greenspan, B. Jl, M. D. Allen; and M. D. Hoover. 1964. Acute Inhalation toxicity of lithium combustion 
aerosols, pp. 276-278. In; Inhalation Toxicology Research Institute Annual Report, LMF-113, DOE 
Research and Development Report. NT1S, Springfield, VA. 

Greenspan, B. J. and P. E. Morrow. 1984. The effects of In vitro and aerosoliexposures to cadmium on 
phagocytosis by rat' pulmonary macrophages. Fundam. Add!, Toxicol. 4:48-57. 

Hoover, M. D., MJ D. Allen, B. J; Greenspan, A. F. Eidson; and A: G. Harmseni 1984. Studies of beryllium 
aerosols In fusion related systems, pp. 8-11. In; Inhalation Toxicology Research Institute Annual 
Report, IMF-113, DOE Researchand Development Report NTIS, Springfield, VA. 

Allen, M. D., B. J. Greenspan, and M. D. Hoover, 1985. Studies of lithium aerosols that could be released 
in accidents involving space nuclear power systems. In: Space Nuclear Power Systems 1984 , M, S. El- 
Genk andM. D. Hoover (eds.). Orbit Book Go., Malbbar, FL 


Hoover, M. D.,,M. D. AUen, B. J. Greenspan: S. J. Rothenberg, and F. A. Seiler. 1985. Overview of the 
hazards of using lithium in space nuclear reactor systems. Ih: Space Nuclear Power Systems 1984, M. 
S. Ei-Genk and M. D. Hoover (eds.). Orbit Book Co., Malabar, FL 

Allen, M. D„ B. J. Greenspan, J. K. Briant, and M. D. Hoover, 1986. Generation of lithium combustion 
aerosols for animal inhalation studies. Health Phvs. 51:117-126. 

Cannon, W. C., M. L Clark, B. J. Greenspan, and 0. R; Moss. 1986; Aerosol technology development, pp. 
41-43. In: Pacific Northwest Laboratory Annual Report for 1985 to the DOS office of Energy 
Research, Part 1, Biomedical Sciences, PNL-5750. NTIS, Springfield, VA. 

Greenspan, B. J., M. D. Alien, and A. H. Rebar. 1986. Inhalation toxicity of lithium comhustioniaerosols in 
rats. J. Toxicol: Environ. Health 13:627-637. 

Greenspan; B. J., 0. R. Moss, R. H: Busch, R. L Buschbom, S. E Rowe, and R. M. Schreck. 1986. The 
influence of animal age on the effects of chronic exposure to diesel exhaust,.p. 300. In: Aerosols Forma¬ 
tion and Reactivity, Proceedings of the Second International Aerosol Conference, 1986, West Berlin, FRG. 
Pergamon Press, New York, NY (abstract). 

Rebar, A. H., B, J. Greenspan, and M. D; Allen. 1986. Acute inhalation toxico pathology of lithium combus¬ 
tion aerosols In rats. Fundam. Aool. Toxicol. 7:58-67. 


Cannon, W. C., E F., Blanton, W. C. Forsythe, B. J. Greenspan, O. R. Moss, and R: Ji Weigel. 1987. 
Aerosol technoiogy development, pp. 45-46. In: Pacific Northwest Laboratory Annual Report for 1986 
to the DOE office of Energy Research, Part i, Biomedical Sciences, PNL-6100. NTIS, Springfield. VA. 

Cannon, W. C-, E F. Blanton, B. Jl Greenspan, and O. R. Moss. 1988. Aerosol technology development, 
pp. 41-43. In: Pacific Northwest Laboratory Annual Report for 1987 to the DOE office of Energy 
Research, Part 1„ Biomedical Sciences, PNL-6300. NTIS, Springfield, VA: 

Greenspan, J., P. E Morrow, and J. Ferin. 1988. The effects of aerosol exposures to cadmium chloride 
on the clearance of titanium dioxide from the lurtgs of rats. Exni. Luna Res. 14:491-501. 

Greenspan, B: J.,,0. R. Moss, A P. Wehner, R. A. Renr»e;,H. A. Ragan, R. B; Westerberg, C. W. Wright, R. 
Deskin, A. W. Hayes, G: T. Burger, and A, T. Mosberg. 1988. Inhalation studies of humectant aerosols In 
rats. The Toxicotoofet 8:2SS (abstract). 
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Hoover, M. D., A. F. Eklson, J. A. Mewhinney, G. L Finch, B. J. Greenspan, and C. A. Cornell. 1988. 
Generation and characterization of beryllium oxide aerosols for toxicity studies. Aerosol Set. Technol. 9:83* 
92. 

Renne, R. A, A. P. Wehner, B. X Greenspan, 0. R. Moss, H. A. Ragan, R. B. Westerberg, C. W. Wright, H. 
S. DeFord, G. H Burger, A, W. Hayes, and A. T. Mosberg. 1988. Subchronic inhalation study In hamsters, 
comparing smoke from a clgarette which bums and one that only heats tobacco. The Toxicologist 8: 254 
(abstract). 

Wehner, A. P., Ri A Renne, B. Ji Greenspan,, 0. R. Moss, A. W; Hayes, G. T. Burger, and A T. Mbsberg. 
1988. Subchronic inhalation study In rats, comparing smoke from a dgarette which bums and one that only 
heats tobacco. The Toxicologist fi:254 (abstract). 

Cannon,,W. C., O: R. Moss, J. K. Briant, J: R. Decker, B. J. Greenspan, C. L Leach, and L G. Smith. 1989. 
Aerosol technology development, pp. 65-66. In: Pacific Northwest Laboratory Annual Report for 1988 
to the DOE Office of Energy Research Part 1, Biomedical Sciences, PNL-6800. MTIS, Springfield! VA. 

Wehner, A. P., R. A Renne, B. J. Greenspan, H. S. DeFordl H. A Ragan, R. B, Westerberg, C. W. Wright,, 
R. L Buschbom, G. T. Burger, A W. Hayes, C. R. E. Coggins, andiA T. Mosberg. t990: Comparative 
subchronic inhalation bioassay In hamsters of a cigarette that only heats tobacco. Inhal. Toxicol: 2--255-2S4. 

Dill, J. A. K. H. Stoney, B. J. Greenspan, T. J. Mast, B, J. Chou,, J. H. Roycroft, and J. DunnJck. 1991.. 
Disposition of inhaled cadmium oxide in the rati The Toxicologist 11:234 (abstract). 

Gieschen„A W.„B. J. Greenspan, R. B. Westerberg, T. J. GoehL and J. H. Roycroft 1991, Generation, 
monitoring, andi concentration verification of PPB concentrations of glutaraldehyde for Inhalation studies. 


Greenspan, B, J., J. A D1U..T. J. Mast, B. Ji Chou, K. H. Stoney, R- Morrissey, and J. Roycroft 1991, Lung 
clearance of Inhaled gallium arsenide (GaAs). The Toxlcoloalst 11:234! (abstract). 

James, A C., J. K. Briant B, J. Greenspan, andM. A ParkhursL 1991. Aerosol technology development, 
pp. 65-69. In: Pacific Northwest Laboratory Annual Report for 1990 to the DOE Office of Energy 
Research; Part 1, Biomedical Sciences, PNL-7600. NTIS, Springfield, VA 

Renne;,R. A, A P. Wehner, B. J. Greenspan; H, S. DeFord, H. A Ragan, R. B. Westerberg; R. L Buschbom, 
G. T. Burger, A W. Hayes, R. L Suber, andiA T. Mosberg, Two-week and thirteen-week inhalation studies 
of aerosolized glycerol In rats. Inhali Toxicol. (Ini press). 


Presentations 

Greenspan, B. J. and P. E. Morrow. 1981. Cadmium Induced Alteration of Phagocytosis by Rat Pulmonary 
Macrophages. Presented at the American Industrial Hygiene Conference, 198T, Portland, OR. 

Greenspan, B. J. and P. E. Morrow. 1982. The Effects of Cadntfum on Phagocytosis by Alveolar Macro¬ 
phages and on TilO^ Clearance from the Lungs of Rats. Presented at the Society of, Toxicology Annual 
Meeting,, 1982, Boston, MA 


Mien; M. D., M. D. Hoover, and B. J. Greenspan. 1984. Fusion and Space Nuclear Reactor Hazards: 
Generation of Lithium Combustion Aerosolk Presented at theHoalth PhysIcs Society Annual Meeting, 1984, 
New Orleans, LA 
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Allen, M. D., B. J. Greenspan, and M. D. Hoover. 1965: Studies of Lithium Aerosols that GoukUbe Released! 
in Accidents Involving Space Nuclear Systems. Presented at the Second Symposium of Space Nuclear 
Power Systems, 1985, Albuquerque, NM. 

Ballantyne, B„ R. H. Garman, B. J. Greenspan, and R. C. Meyers. 1985, Acute Toxicity and irritancy of 
Glutaraldehyde, Presented at the Society of Toxicology Annual Meeting, 1985, San Diego, CA. 

Cannon, W. C., O. R, Moss, M, IL Clark, B. J. Greenspan, and B, W. Killand. 1985. Electric Field Nebullia- 
tion: Presented at the 17th Aerosol Technology Meeting, 1985, Columbus, OH. 

Greenspan, B. J. and M. D. Allen. 1985. Inhalation Toxicity of Lithium Combustion Aerosols. Presented 
at the Society of Toxicology Annual Meeting, 1985, San Diego, CA. 

Greenspan, B. J. t B. Ballantyne,. E.H. Fowler, and W. M. Snellings. 1985, Subchronic Inhalation Toxicity 
of Glutaraldehyde. Presented at the Society of Toxicology Annual Meeting, 1985, San Diego, CA. 

Hoover, M. D., M. D. Allen, A. F. Eklson, B. J. Greenspan, and A, G. Harmsen. 1985. Studies of Beryllium 
for Use in Space Nuclear Power Systems. Presented at the Second Symposium of Space Nuclear Power 
Systems, 1985, Albuquerque, NM. 

Hoover, M. D., M. D. Allen,B.J. Greenspan, Pc F. Eidsort, and A. G. Harmsen, 1985. Studies of Beryllium 
Dispersion and Toxicology in Fusion Systems. Present edat die Sixth Topical Meeting on the Technology 
of Fusion Energy, 1985, San Francisco, CA. 


Hoover, M. D., A. F; Eklson, J. A. Mewhlnney, B. J. Greenspan, and M. D: Allen. 1985. Generation and 
Characterization of Beryllium Aerosols for Inhalation Toxicology. Presented at the American Association for 
Aerosol Research Annua) Meeting, November 18-22,1985, Albuquerque; NM. 

Moss, O: R., B. J. Greenspan, S. E. Rowe, R. L Buschbom, and R. HI Busch. 1985. Inhalation Exposure 
of Young, Male Rats to Diesel Exhaust Presented at the American Association for Aerosol Research Annual 
Meeting, November 1&-22, 1985, Albuquerque, NM. 

Greenspan, B. J. and R. L Buschbom. 1986. Analysis of Particle Size Data from an Aerodynamic Particle 
Sizer. Presented at the American Industrial!Hygiene Conference, 1986, Dalles, TX. 

Greenspan,.B. J.,,0. R. Moss, R. HJ Busch, R. L Buschbom, S. E. Rowe, and R. M. Sehreck. 1986. The 
Influence of Animal Age on the Effects of Chronic Exposure to Diesel Exhaust Presented at the Second 
International Aerosol Conference, 1986,. West Berlin, FRG. 


Moss, 0. R„ B. J. Greenspan, R. H. Busch, R. L Buschbom, S. E Rowe, and R. M. Schreek. 1987. The 
Influence of Enzootic infections on the Incidence of Primary llung Tumors InDiesel Exhaust Exposed Mate 
Rats. Presented at the Health Effects Institute Fourth Annual Conference on Diesel Emissions and Health 
Effects, 1987. 


Mora, O; R., B. J. Greenspan, R..H. Busch, R; L Buschbom, S. E. Rowe, andIR. M. Schreck. 1987: The 
Influence of Animal Age During Exposure on the Incidence of Primary Lung Tumors in Diesel Exhaust 
Exposed Male Rats. Presented at the Health Effects institute Fourth Annual Conference on Diesel Emissions 
and Health i Effects, 19B7. 

Greenspan, B, J. and 0, R. Moss. 1988. Development of a Hand-Held Metered Dose Inhaler. Presented 
at the Seventh International Congress on Aerosols in Medicine,,September 25-^, 1988,.Rochester, NY. 
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Greenspan, B. J., O.R.Moss, A. P. Wehner, R. A. Renne, H, A. Ragan, R. B. Westerberg, C. W. Wright; R: 
Deskin, A: W. Hayes, G: T. Burger, and A. T. Mosberg. 1988. InhalationStudies of Humectant Aerosols In 
Rats. Presented atthe Annual Meeting of the Society of Toxicology, February 16,1988, Dallas, TX 


Renne, R; A., A. P. Wehner, B. J; Greenspan. 0. R. Moss, H. A. Ragan, R. B. Westerberg, C. W. Wright, H. 
S. DeFOrd, G. Ti Burger, A. W. Hayes, and A. T. Mosberg. 1988. Subchronic inhalation Study in Hamsters, 
Comparing Smoke from a Cigarette which Bums and One that Only Heats Tobacco. Presentedat the 
Annual Meeting of the Society of Toxicology, February 16,1988, Dallas, TX 

Wehner, A. P., R. A. Renne, B. J. Greenspan, H. S. DeFordl H. A. Ragan, R: B. Westerberg, C. W; Wright, 
and O. R.. Moss. 1988. Subchronfc Inhalation Study in Rats Comparing Cigarette Emissions from Com¬ 
busted and NontCombusted Tobacco. Presented at the Annual; Meeting of' the Society of Toxicology, 
February 16,1988; Dallas, TX 


Wehner, A. P„ R. A. Renne, B. J. Greenspan, O. R. MOss, A. W. Hayes, G; T. Burger, and A. T. Mosberg. 
1988. Subchronic Inhalation Study in Rats, Comparing Smoke from a Cigarette which Bums and One that 
Only Heats Tobacco. Presented at the Annual Meeting of the Society of Toxicology, February 16, 1988, 
Dallas, TX 


DHI, J. A., K. H. Stoney, B. J. Greenspan, T. J. MSst, B. J. Chou, J. H. Roycroft and J. Dunnick. 1991. 
Disposition of Inhaled Cadmium Oxide In the Rat Presented at the 30th Annual Meeting ofithe Society of; 
Toxicology, February 25-March 1,1991, Dallas, TX 

Gleschen, A. W., B. J. Greenspan, R. B. Westerberg, T. J. Goehl, and J* H. Roycroft 1991. Generation, 
Monitoring, and Concentration Verification of PPB Concentrations of Glutaraidehyde for Inhalation Studies. 
Presented at the 30th Annual Meeting of the Society of Toxicology, February 25-March i; 1991, Dallas, TX 

Greenspan, B. J., J. A. DHI, T. J. Mast B; J. Chou, K. H. Stoney, R. Morrissey, and J. Roycroft 1991. Lung 
Clearance of Inhaled Gallium Arsenide (GaAs). Presented at the 30th Annual Meeting of the Society of 
Toxicology, February 25-March'1,1991, Dallas, TX 


Mast T. J:. J. A. Dll, B. J..Greenspan, J. J. Evanoff, R. E. Mbrrissey, and B. A. Schwetz. 1991, Develop¬ 
mental Toxicity and Matemal:Fetai Distribution of lhhaled Gallium Arsenide in Rodents. Presented at the 
30th Hanford Symposium on Health and the Environment October 29-November 1,1991, Richland; WA. 
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TERRYL J. MAST 


Staff Scientist, Inhalation Toxicology Technical Group.Toxicology Department. Battelle, Pacific Northwest 
Laboratories 

B.S. Biochemistry/Biophysics (1974), University of California, Davis 
M.S. Agricultural Chemistry (1979), University of California, Davis 

Ph D. Environmental Chemistry (1983)i Department of Environmental Toxicology, University of 
California, Davis 

Postdoctoral Appointment, Developmental and (Reproductive Biology (1984-1865), California Primate 
Research CentBr, University of California, Davis 

Member, Graduate: Faculty, Department of Toxicology, Oregon State University. Corvallis, OR 

Member, Graduate Faculty, Graduate Program In Pharmacology/Toxicology, Washington: State 
University, Pullman, WA 

Dipiomate, American Board of Toxicology 


Dr. Mast Joined the department in 1986. Her research interests are lit the area of reproductive and develop¬ 
mental toxicology, with emphasis on teratology, mechanisms of developmental toxicltyand pharmacokinetics 
associated with teratologic studies. She is currently Project Manager of the NTP-spon sored Inhalation 
Reproductive Toxicology Program assessing the potential reproductive toxicity of industrial solvents and 
intermediates, and aerosols of compounds such as cadmium oxide and gallium arsenide. As Project 
Manager, Dr. Mast reviews the toxicological literature on the test agent, proposes the study design, and 
performs the developmental toxicity studies. 

Dr. Mast is studying mechanisms of the developmental toxicity induced by complex mixtures in rodents and 
is working on an in vitro system to study the ontogeny of the toxic effects in the developing lungj ILung 
hypoplasia produced during organogenesis, after exposure to certain fractions of complex mixtures Is of 
speclali Interest 

Dr. Mast joined the department following: 2 years of work in developmental toxicology at the California 
Primate Research Center, where she studied the teratology, pharmacokinetics: and placentali transfer of 
valproic acid In nonhuman primatesand rodents. Her interest in developmental metabolism and maternal- 
fetal pharmacokinetics led to studies on the development of hepatic xenobkXlc-metabolIzJngenzymes In the 
fetal monkey. She conducted a study in rats to correlate teratologies! effects of the pesticide oftanoliwith 
maternal plasma kinetics, cholinesterase activity and (metabolism during organogenesis. She also partici¬ 
pated in a study that correlated plasma levels and toxic effects on the male reproductive system of dibromo- 
dichloropropane (DBCP) administered to rhesus monkeys In drinking water. 

Her 6-year tenure as Lecturer In the Environmental Toxicology Department at the University of California, 
Davis gave her an extensive background in the occurrence and effects of environmental toxicants. During: 
this time she taught lecture and laboratory courses in environmental and analytical toxicology to graduates 
and undergraduates. Her doctoral thesis work, also performed In that department, concentrated on the 
collection, separation, Identification and mutagenicity ofialrbome complex mixtures produced as a result of 
agricultural burning. 
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Mast. T.J. 1985. Fate of i Toxicants In the Environment Presented at a 2-day comae for the University of> 
California Extension iln Hazardous Materials Management Certification Program,. June 10-11,1985, University 
of California) Davis, CA 
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the Department of Toxicology Graduate Program, July 24-29,1988, Oregon State University, Corvallis, OR. 
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Pesticides Short Course, Oregon State University Cooperative Extension, Eugene, OR. 
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Disposition of Inhaled Cadmium Oxide in the Rat Presented at tbe 30th Annual Meeting of the Society of> 
Toxicology, February 25-March 1,199 it Dallas, TX. 
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PAUL W. MELUCK 


Staff Pathologist, Pathology Technical Group, Toxicology Department, BattBlIO, Pacific Northwest Labora- 
tories 


D.V.M. Veterinary Medicine (1962), The Ohio State University 

M.S. Veterinary Pathology (1964), Cornell University 

Ph.D: Comparative Pathology (1975). Uhtverslty of California, Davis 


Dr. Meilick joined Battelle Ini 1987. As a staff pathologist, his duties Include supervising, necropsy and 
providing gross and microscopic pathology descriptions, documentation, data analysis and interpreting 
lesions In laboratory animals used In toxicology studies. He has conductedpathdogy evaluations for 14-day 
repeated-dose inhalation studies of furfuryf alcohol,, nttromethane, gallium arsenide, 2-chloronftrobenzene. 
and 4-chloronitrobenzene; 28-day inhalation studies of ozone; 96-day subchronic inhalation studies of lurfuryl 
alcohol, gallium arsenide, 2-chloronltrobenzene„ cadmium ■ oxide, gllitarakiehyde, and isoprene; 90-day 
gavage studies of lewisite; 6-month Inhalation toxicity studies of isoprene, and '24-month inhalation carcino¬ 
genicity studies of tetrafluoroethane. Studieslisted above were conducted in either rats or mice, or both, 
and ail except the lewisite gavage study were sponsored by the National Toxicology Program; 

Dr. Meilick serves as Principal Investigator for nose-only inhalation toxicity and carcinogenicity studies of 
a pharmaceutical agent sponsored by a prominent pharmaceutical company. In this capacity, he has overall) 
project management responsibility; develops proposals and study protocols; coordinates efforts of senior 
staff members in the disciplines of chemistry, aerosol technology, bioengineering, toxicology, animal care, 
pathology, health and safety.,and quality assurance to ensure that all requirements of the. studies are met; 
monitors and controls expenditures, of project funds; and communicates with the sponsor concerning 
progress, technical concerns, and potential problems. 

Dr. Meilick also served as the Principal Investigator for the NTP/HEI Collaborative Study omthe Effects of 
Chronic Ozone Exposure. In addition to overall program management responsibility, he coordinated the 
efforts of ten groups of: investigators from different laboratories with the Battelle staff in ten different studies 
designed to evaluate the toxic effects (other than carcinogenesis) of exposure of rats to ozone for 20 
months. 

He received Board Certification in VeterinaryPathology from She American College of Veterinary Pathologists 
in 1970. 

Dr. Meilick has completed over 21 years of active duty In the United States Army Veterinary Corps, retiring 
at the rank of Colonel. All assignments Involved U.S. Army medical research and development activities. 
All positions since July. 1966 were active duty military assignments. 

While Deputy Commander at Letterman Army Institute of Research, Presidio of San Francisco; CA from July. 
1986 to October 1987,. he planned, directed and managed scientifically diverse biomedical research pro¬ 
grams with a staff of 1 250 and an annual budget of $114! million. He directly supervised chiefs of seven 
research divisions and provided second-level supervision for 20 civilian and military scientists. He also 
served as Pathologist-intCharge of Good Laboratory Practices (GLP)-compliant toxicology studies. 

Dr. Meilick was Chief, Division of Comparative Medicine and Toxicology, at' Letterman Army Institute of 
Research from. August 1984 to June: 1986. HP planned and) managed! research and research support 
activities In toxicology, pathology, and analytical chemistry, experimental surgery, and laboratory animal 
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care. He also conducted GLP-compllant toxicdtogy studies; designed and implemented multidisciplinary 
studies on effects of chemical warfare agents: 

From March 1983 to August 1984, he was Head, Department of Veterinary Medicine, U.S. Naval Medical 
Research Unit, Cairo, Egypt While there; he planned, directed and conducted research! in Infectious 
zoonotic diseases in i Egypt and other Middle Eastern countries. 

As Chief of the Pathology Service at Letterman Army. Ihstltute of Research from August 1976 to March 1983, 
Dr. Mellick conducted pathology evaJuations on laboratory animals used hi studies of toxicology, effects of 
blood replacement solutions, nutrition and experimental surgery. He organized and developed GLP-compll¬ 
ant toxicology research and testing capability. htoalso conducted a residency training program In Veterinary 
Pathology which prepared eight officers for successful completion of the Board Certification Examination 
of the American College; of Veterinary Pathologists. 

Dr. Mellick was Chief, Electron Microscopy Division at LettermamArmy Institute of Research fromiJuly 1975 
to August 1976. He conducted and directed research, service andltraining functions of the Electron Micros¬ 
copy Division: His duties were incorporated into those of Chief; Pathology Service, described in the preced¬ 
ing paragraph. 

He was a graduate student: ini Comparative Pathology, Department of Pathology,. School of Veterinary 
Medicine, University of California, Davis, CA from August 1972 to June 1975. Duringithat time; he studied 
mechanisms and pathogenesis ofpulmonary injury caused by inhalation of air pollutants. This research was 
the basis of his PhD. dissertation. 

FromiJuly 1970 to August 1972, he was Chief, Toxicology Division, U.S. Army Environmental Hygiene 
Agency,. Edgewood Arsenal; MD. Ha conducted toxicology studies on Insecticides, insect repellents, 
hydrogen sulfide gas, and fluorocarbons. These studies included acute, subacute and subchronic oral, 
dermal, ocular, and Inhalation toxicology protocols and tests for teratogenesis and behavioral effects. 

As a resident: in Veterinary Pathology at the Aimed Forces Institute'of Pathology, at Walter Reed Army 
Medical! Center, Washington, DC from November 1968:to July 1970, he performed histologic evaluation of 
tissues from animals used to determine the safety of irradiated foods. He prepared case reports on pathol¬ 
ogy materials submitted for consutfationiand participated in the Veterinary Pathology training program. This 
training was verified: by his success in the Board Certification Examination of the American College of 
Veterinary Pathologists. 

Dr. MBilick was a Veterinary Pathologist at the National Institute of Bacteriology and Pathology, Saigon, 
Republic of Vietnam from October 1967 to October: 1968. At that time; he conducted safety, and efficacy 
- — studies on modified live-virus vaccines and bacterins for.swine and poultry. He also established an animal' 
disease diagnostic laboratory. 

From August 1966 to October 1967, he was a trainee In Veterinary Pathology at the Armed Forces Institute 
of Pathology, Waiter: Reed Army Medical Center* Washington, DC. 

He was a General! Practitioner from: June 1964 to July 1966 at: the Champlain Veterinary Clinic. St Albans. 
VT where he practiced dinicai veterinary medicine and surgery In large and small animals: 
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Put>»catlgns 

Melllck, P. W:, A. J. Winter, and K McEntee. 1065. Diagnosis of vibriosis In the bull by use<of the fluores¬ 
cent antibody technique. Cornell Vet. 55:280-294. 

Dungwoith„D. L, W. L Castieman, C. K. Chow, P. W. Melllck, M. G. Mustafa, B. Harkington, and W. S. Tyler 
1975. Effect of ambient levels of" ozone on monkeys. Fed. Proo. 21:1670; 

Melllck, P. W., D. L Dungworth, and W. S. Tyler. 1975. Pulmonary, lesions in non-human primates Induced 
by low levels of ozone. Lab. Invest 33 :430 (abstract); 

Mellick, P. W:, LW. Schwartz, andiD. L. Dungworth. 1975. Ozone induced pulmonary lesions in rats and 
rhesus monkeys. Vet Pathol. 12:61 (abstract).. 


Melllck, P. W., Ml G. Mustafa, W. S.. Tyler, and D. L Dungworth. 1976; Morpbdbgic and biomedical 
changes In primate lung due to low-level ozone exposure. Bull. Int Union Tuberc. £1:565-567. 

Tyler, W: S., L W. Schwartz, D. L Dungworth, P. W. MeUick, andiL A. Zknik. 1976. NoncSiated bronchloiar 
epithelial (Clara) cell response to Injury, pp. 179-190. In: Lung Cells In Disease, A. Bouhuys (ed;). 
Proceedings of a Brook Lodge Conference, April 21-23,1976, August, Ml. North-Holland Biomedical Press, 
New York, NY (abstract). 


Friedman,. H. li, F. BeVenuto, P. W. Melllck, and L O. Lofllni. 1977. The histological and uttrastructurali 
effects of stroma-free hemoglobin solutions on rat liver, kidney, and brain. Sum. Forum £2:3-5. 

Melllck, P. W„ D. L Dungworth, L. W. Schwartz, and W..S. Tyler. 1977. Short-term morphologic effects of 
high ambient levels of ozone and lungs of rhesus monkeys. Lab. Invest 2§:82-90. 

Morrissey, R. L, D. T. Zolock, D: D. BMe,.and P. W. MeUick. 1977. Role of vitamin D-dependent calcium 
binding protein in Intestinal calcium absorption. Fad. Proc. 36:1097 (abstract). 

Friedman, H. I., F. DeVenuto, L O. LoOini, P. W. Meltick, and T. F. Zuck. 1978. Morphologic effects follow¬ 
ing massive exchanged transfusions with a stroma-free hemoglobin solution. I. Liver. Lab; Invest 39:167- 
177. 

DeLaunta, A., W, R. Fenner, a ,). Indried, P. W. MeUick, S. Gardner, and J. S. Bell. 1900. Hereditary, 
cerebellar cortical abiotrophy In the Gordon setter. J. Am; Vet Med. Assoc. 117:538-541. 

DeVenuto, F., H. I: Friedman, and P. W: Melllck. 1980. Massive exchange transfusions with crystalline 
hemoglobin solution andlsubseqoant replacement of hemoglobin and blood volume. Sum. Gvnecoi: Obstet 
151:361-365. 

Friedmanj H. I., F. DeVenuto; L O. Lollini, P: W. Mellick, and>T.' F. Zuck. 1980. Morphologic effects follow¬ 
ing massive exchange transfusions with a stroma-free hemoglobinsolutlon. II. Kidney. Lab. Invest. 40:655- 
657. 

Mbrrissey, a L, D. T. Zoiock. P. W; Mellick, and D. D; Bilde. 1960. Influence of cydobeximide and 1,25- 
dlhydroxyvttamln D 3 oni mitochondrial and veslde mineralization In the Intestine. Ceil I Calcium 1:69-79. 
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Watson^ L C., H. I. Friedman, D. 6. Griffin, L W. Norton, and P. W. Melllck. I960. Small bowel neomucosa. 
J. Sura Res. 2B280-291. 


Hagler v L, E W. Askew; J. R; NevMIe, P. W. Melllck, R. I. Coppes, and J. F. liowder. 1981. Influence of 
dietary Iron deficiency on hemoglobin,, myoglobin, their respective reductases and skeletal muscle respira¬ 
tion; Ami J. Clin: Nutt, 34:2169-2177. 

O'Conner, R. J., R. L Scott, P: W. Mellick, and M. D. Caldwell. 1982. Perfused rat hind limb wound model: 
Carrageenan Induced. Am. J: Phvslol. 242 (Regulatory Integrative . Comp. Physiol: 1i1):R570-R575. 

Botros, B: A. Mi, A. W. Salib, P. Mellick, J. Mi Linn, A K. SoHman. 1985. Nudeocapsid antigenic structure 
of street rabies and vaccinal i strains in Egypt Vet Med, J. 23:305-314. 

Cushing, J. A, L B: Sasser, P. W. Mellick, and Ji C. Dacre. 1989. Subchronic oral toxicity study of lewisite 
In rats. The Toxicologist 9:198 (abstract): 

Leach, C. L, K. M. Abdo, B. Jl Chou, J, H. Roycroft,, and P. W. Mellick. 1989. 13-Week inhalation toxicity 
study of formic add In rats and mice. The Toxicologist §:575 (abstract). 

Sasser, L B., J. A Cushing; 0. R. Kalkwarf, P. W. Mellick, and R. L Busch bom. 1989: Toxicology Studios 
of Lewisite and Sulfur Mustard Agents: Subohronlc Toxicity of Lewisite In Rats, Final Report to U.S. 
Army Medical Research ;and Development Command, Ft Detrick, Frederick, MD, PNL-6860. Pacific North¬ 
west Laboratory, Richland, WA 

Roycroft, J. H.,,M. R. Swell, R: A Miller, R. A Renne, H. A Ragan, B. J. Chou, and P. W: Melllck. 1990. 
Toxicologic effects of 14-day and 13-week Inhalation exposure to nitromethane In rats and mice: The 
Toxicologist UQ-.205 (abstract). 

Gross, E A, K. T. Morgan, P. W: Mellick, and F. W. Karii 1991. Glutarakfehyde-induced pathology and cell 
proliferation In the rat nasal cavity. TheToxIcoloalst H:1B2 (abstract). 


Horstman, M. G„ C. L Leach, P. W. Mellick, H. A Ragan, B. J. Chou, J. R. Bucher, and J. Hi Roycroft 
1991. 13-Week subchronic Inhalation toxicity of 2-chloronltrobenzene (2-CNB) In rodents. The Toxicologist 
11:87 (abstract), 


Mast, T. J., C. L Leach, R: A Miller, P. W. Melllck, H. A Ragan, B. J. Chou, J. H. Roycroft and J. K. 
DunnJck. 1991. Inhalation subchronic toxicity of cadmium oxide (CdO) In rodents. 

(abstract). 


Mellick, P. W„ C. L Leach, B. J: Chou,.Ri D. Irwin; and J. H. Roycroft. 1991. Nasal toxicity In F344 rats 
Inhaling furfuryflalcohol for 2 or 13 weeks: The Toxicologist Utl 83 (abstract). 


MOIeri, R. A, P. W. Mellick; C. L Lead), B. J. Chou, R. D..Irwin, and J. H. Roycroft. 1991. Nasal toxicity In 
B6C3F1 mice inhaling furfuryl alcohol for 2 or 13 weeks. The Toxicologist 11 :183 (abstract). 


Presentations 

Mellick, P. W. 1981. Comparative Aspects of; Airway Structure, Presented at the 32nd Annual Meeting;of 
the AmericanCollege of Veterinary Pathologists, held jointly with the European Society of Veterinary Patholo¬ 
gists and the World Association of Veterinary Pathologists, Nbvember 10-13; 1981; Monterey, CA 
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McGowan, E. L and P. W: Melllck.. 1985, Histologic Changes Caused by Application of Lewisite Analogs 
to Mouse Skin and Hitman Skin Xenografts. Presentediat the FifthAnnual Chemical Defense Bioscience 
Review, U.S. Army Mbdicali Research and Development Command,, May 21-23,1985,,Columbia, MD. 

Melllck, P. W., R. A. Renne, and R. A. Miller. 1988. Upper Respiratory Lesions in Rats and Mice Exposed 
to Formic Add for 14 and 90 Days. Presented at the National Toxicology Program/National Institute of 
Environmental Health Sciences Symposium on Toxicologic Pathology of the Upper Respiratory System, Sep¬ 
tember 15-16,1988,, Sheraton University Center, Durham, NC (Poster. Session). 

Miller, R. A.„R. A. Renne, P. W. Melllck, and G. A. Boorman. 1988. Nasal Lesions in Rats or Mice Exposed 
to 10-Butadiene, Isoprene or. Chloroprane by Inhalation. Presented at the National Toxicology Program/ 
National! Institute of Environmental! Health Sciences Symposium on Toxicologic Pathology of the Upper 
Respiratory System,, September 15-16,1988, Sheraton University Center,, Durham, NC (Poster Session). 

Melllck, P. W., C. L Leach, B. JJ Chou, R. Irwin, andi J. H. RoycrofL 1990. Nasal lesions In F344 1 Rats 
Exposed to Furfury! Alcohol for. 14 or 90 Days. Presented at the 41st Annual. Meeting of. the American 
College of Veterinary Pathologlsts/25th Annual Meeting of the American Society for Veterinary Clinical 
Pathology. December 11-14,1990, Phoenix, AZ (Poster). 


Miller, R. A., P. W. Melllck, B. J. Chou, R. Irwin, and J. H. RoycrofL 1990. Nasal lesions in B6C3F1i Mice 
Exposed to Furfury! Alcohol for 14 or 90 Days. Presented at the 41st Annual Meeting of the American 
College of Veterinary Pathologists/25th Annual Meeting of the American Society for Veterinary Clinical 
Pathology, December 11-14,1990, Phoenix, AZ (Poster). 


Renne, R. A...K. M. Gideon, R. A. Miller, P. W. Melllck, and S. L Grumbein. 1990. Laryngeal: Pathology in 
Rodent inhalation Toxicology Studies: Anatomy, Histologic Methods, andi Lesions Observed. Presented 
at the 41lst Annual: Meeting of the American College of Veterinary Pathologists/25th Annual Meeting of the 
American. Society for Veterinary Clinical Pathology, December 11-14,1990, Phoenbc, AZ (Poster). 

Miliar, R. A.. P. W. Melllck, B. J. Chou, J. H. Roycroft, and R. D. Irwin. 1991. Nasal Lesions in Mice Inhalingi 
Furiuryt Alfcohd for 2 or 13 Weeks. Presented at the 10th International Symposium of the Society of 
Toxicologic Pathologists, June 2-6,1991, Monterey, CA (Poster). 

Renne, R. A., K. M. Gideon, R; A, Miller, P. W. Melllck, and S. L Grumbein. Histologic Methods, Interspecies. 
Anatomic Variations, and Lesions Observed in the Larynges of Rodents Inhaling Xenoblotics. Presented at 
the 10th International Symposium of the Society of Toxicologic Pathologists, JUne 2-6,1991, Monterey, CA 
(Poster).. 
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RODNEY A. MILLER 


Staff Pathologist, Pathology Technical Group, Toxicology Department, Battalia, Pacific Northwest Labora¬ 
tories 


D.V.M. Veterinary Medicine (1971)i Iowa State University,,with distinction 
Ph.D. Veterinary Pathology (August 1979), Washington State University 


Dr. Miller has been with the Department as a Research Pathologist since JUy 197a He has been Involved 
in the histopathologic evaluation ofirats exposed to acid aerosols andlin evaluation, ofhistologic sections 
of lungs; kidneys, livers, ovaries, and uteruses of rats and rabbits exposed to numerous Inhaledi chemicals 
in conjunction with teratologic studies. Dr. Miller is. assigned to necropsy supervision and! numerous 
repeated-dose, subchronic and chronic histopatholtogy portions of the National Toxicology Program on 
carcinogenesis and toxicity in rodents. He has evaluated, In rats, the long-term effect of Inhaiediameridum 
nitrate,, and the mammary carcinogenicity of Injected plutonium citrate. He has also evaluated! rats and 
guinea.pigs that inhaled soivent-refined-coal (SRC) process solvent (short-term), and rats that lnhaled diesel 
exhaust and coal dust (short-term) after treatment (or no treatment) with porcine pancreatic elastase. Dr. 
Miller has examined the respiratory tracts of rats acutely exposed to fog ofls and red phosphorus smoke;, 
and has examined fetal rat lungs In which the maternal rat had 1 been exposed to SRC products. Dr. Miller 
has also examined the gills of rainbow trout after the gills were exposed to volcanic ash. Dr. Miller has 
performed histopatholbgic evaluations of rat livers for Induction of gamma glutamyl tra ns peptidase foci after 
exposure to SRC products. He has performed comprehensive histopathdogy. of rats and mice exposed 
subchronfcally and chronically to a heavy distillate from the SRC-11 process. He has performed limited > 
transmission electron microscopy of the livers of the heavy-distillate-exposed animals. 

Dr. Miller has been-Involved In necropsy and disease diagnosis of the Hanford Miniature'swine breeding 
herd. 


After, practicing small animal medicine (1971-1975), Dr. Miller was a. postdoctoral Research Associate, 
Department of Veterinary Microbiology and Pathology, Washington State University (1975-1979), Besides 
instructing undergraduates in Pathology; he has had 4 years of experience in morphologic/diagnostic 
pathology at the Washington Animal Disease Diagnostic Laboratory, Washington State University. Much of 
the diagnostic work at Washington State University Involved tumor diagnosis in domestic animals. His Ph.D. 
research concerned the Interrelationship of i experimental atherosclerosis and alloxan diabetes in the rabbit 

Dr. Miller Is a Diplomats of the American College of Veterinary Pathologists (September. 1980). He is also 
a member of the Society of Toxicologic Pathologists. 


Dr. Millbr has been licensed topractice veterinary medicine in Washington since 1971... He was a* member 
of the Iowa State University Honors Program. 


9 Lii 
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Publications 

Grant, B. D., R. A. Miller, and; V. A. Fadok. 1977. Fatal, epistaxis and guttural pouch .mycosis. Western Vet. 
15:23*5. 


Wagner, P. C... B. D. Grant, Ri K. Farrell, and R. A. Miller. 1977. Epidermoid cyst In.the premaxllla of the 
horse. J, Equine Med: Suro. 1.53-56. 
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Wagner, P. C., R. A. Miller, F. Meiltt, L A. Pickering, and B. D: Grant 1977. Constrictive pericarditis in the 
horse. J. Eaulne Med. Sura 1:242-248. 

Wagner,. P: C., R: A. Miller, A; M. Galllna, and B. D: Grant 1978. Mycotic encephalitis associated with a 
guttural pouch: mycosis. J. Eaulne Med. Sura. 2:355-359: 

Miller, R. A. 1979. Diabetes and Atherosclerosis, Ph D. Thesis, Washington State University, Pullman, 
VIA. 


Sikov, M. R., W. C. Cannon, D. B. Carr, R. A. Miller, L F. Montgomery, and D. W. Phelps. 1981. Terato¬ 
logic Assessment of Butylene Oxide, Styrene Oxide and Methyl Bromide, Technical Report, DHHS 
(NIOSH) Publication No. 81-124. Environmental Protection Agency, Cincinnati, QHI. 

Burton, F. G„ M. L Clark, R. A. Miller, and R; E. Schlrmer. 1982. Generation and . characterization of red 
phosphorus smoke aerosols for inhalation exposure of; laboratory animals. Am. Ihd. HVn. Assoc. J. 42:767- 
772. 


Westrope, K. L, R. A. Miller, and R. B. Wilson. 1982: Vitamin E In a rabbit model of endogenous hyper- 
cholestrolemla and atherosclerosis. 


Wilsonj R. B„ R. A. Miller, C. C. Middleton, and D. Kinden. 1982. Atherosclerosis In rabbits fed a low- 
cholesterol diet for five years, pp. 228-241. In: Arteriosclerosis: A'Journal of Vascular Biology and 
Disease, Volume 2: 

Loscutoff, S. M., B. W: KHIandJ R. A. Miller, R. L Buschbom, D. L Springer, and Di D. Mahlum. 1:983. 
Pulmonary toxicity of Inhaled coal liquid aerosols (boiling range 230-450°C): Toxicol. AopI. Pharmacol. 
87:346-356. 

Miller^ R: A., C. S. McCain, andlD. Dtxoni 1983. Canine clostridial myositis. Vet. Med. Small Anim. Clin. July 
1983 :1065-1066. 

Springer, D. L, D. D. Mahlum, R. A. Miller,, and H. A. Ragan. 19B3. A 90-day inhalation study of heavy 
distillate from the solvent refined coal (SRC) II process, in: Abstracts of the Third International Congress 
on Toxicology, August 28-September 3, 1983, San Diego, CA. Toxicol. Lett 1fi:76 (abstract). 

Wilson, R: B: andR. A. Miller. 1983. Enhanced atherogenesls and myocardial Infarction In alloxan-diabetic 
rabbits fed a lOw-cholesterol I diet Fed. Proc; 4 % :806 (abstract). 

Kington, N., E. Williams, Ri Bergstrom, W. Wilson, and R. A. MUer. 1964. Cerebral coenuriasis. in domestic 
cats IniWyoming and Alaska. Proc. Helmlnthol. Soc. Wash. 51(21309814. 

Miller,. R. A., D. L Springer, and D. D. Mahlum. 1984. Pathologic response of Fischer 344 rats and CD-I 
mice after subchronic Inhalation.exposure to a hlgh boiling coaMiquid. Fed. Proc. 43:574 (abstract). 

Miller, R. A. and R. B. Wilson. 1984. Atherosclerosis and myocardial ischemic lesions In alloxan-diabetic 
rabbits fed a low-cholesterol diet Arteriosclerosis 4:586-591. 

Rommerelm, D: N., R. A. Miller, R. ILL Buschbom, and M. R. Sikov. 1984.. Placental'mineralization i In minia¬ 
ture swine. Proc. Soc. Exp, Biol. Med. 176 :334 Abstract): 
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Springer, D. L» R. A. Miller, W. G. Welmer* Hi A- Ragan, R. L Buschbom, and D. D. Mahlum. 1984. Effects 
of Inhalation Exposure to SROilHeavy and Middle Distillates , PNL-5273, Pacific Northwest Laboratory, 
Richland, WA NTIS, Springfieidl VA, 51 p. 

Trigo, F. J., R. A Miller, and!R. L Torbeck. 1984. Metastatic equine seminoma: Report of two cases. Vet. 
Pathol. 21:259-260. 

Clarke, W. Ji, R. A Miller, and R; B. Westerberg (Contributors). 1985. Toxicology and Carcinogenesis 
Studies of 1,3-Butadiene In B6C3F y Mice (Inhalation Studies), NTP TR 288, NIH Publication No, 84- 
2544. National Toxicolbgy Program, Research Triangle Park, NC. 

Clarke, W. J. ( R. B. Westerberg, D. Fairchild! R. A Miller, and R. A Geltnan (Contributors). 19B5. Toxicoh 
ogy and Carcinogenesis Studies of Propylene in F344/N Rats and B6C3F y Mice (inhalation 
Studies)\ NIP TR 272, NIH Publication No. 86-2528. National Toxicology Program, Research Triangle Park,. 
NC. 

Rtzner, R. E. t R. A Miller, C. A Pierce, and S. E Rowe; 1985, Avian pox in a red-tailed hawk (Buteo 
famaicensis ). J. Wildl. Pis. 21:298-301. 

Huff, J. E, R. L Melnick, H. A Solleveld, J. K. Haseman, M. Powers, and R, A Miller. 1985. Multiple organ, 
carcinogenicity of 1,3-butadiene In B6C3F t mice after 60 weeks of inhalation exposure. Science 227:548- 
549: 

Oarke f ,W. f R.B. Westerberg, H. Ragan, and R. Miller (Contributors). 1986. Toxicology and Carcinogene¬ 
sis of Tetrachloroethyiene (Pemhioroethyiene) In F344/N Rats and B6C3F 1 Mice (Inhalation 
Studies) t NTP TR 311, NIH!Publication No. 86-2567. National Toxicology Program, Research Triangle Park, 
NC. 

Maronpot, R: R:, R. A Miller, W, J. Clarke, R. B. Westerberg, J. R. Decker, and O. R. Moss. 1986. Toxicity 
of formaldehyde vapor in B6C3F1 mice exposed for 13 weeks. Toxicology 4T:253-266. 

Mennear, J. H., W. Clarke, H. Ragan and R. Miller. 1986. Toxicology and carcinogenicity studies of. inhaled 
tetrachloroethyiene (PERC) In male and female F344 rats and B6C3FJ, mice. The Toxicologist g; 135 (ab¬ 
stract). 


Mennear^ J., R. Maronpot, G. Boorman, S. Eustls, J. Huff, J. Hasemanj E. McConnell, H. Ragan, and R. 
Miller. 1986. Toxicologic and carcinogenic effects of Inhaled tetrachloroethyiene in rets and mice, pp. 2011- 
210. In: New Concepts and Developments In Toxicology, P. L Chambers, P. Gehring, F. Sakai (ed$.) t 
Proceedings of the Fourth International Congress of Toxicology, July 21-25,1986, Tokyo, Japan. Elsevier 
Science Publishers, New York, NY. 

Roycroft, J: H. t R. A Milter, H. A Ragan, and W. M. Kluwe. 1986. Toxicologic effects of. a 4-day Inhalation 
exposure of rats and mice to bromobenzene. The Toxicologist g;56 (abstract). 

Sikov, M. R., W. C. Cannon, D. B. Carr, R. A Miller,R. W. Niemeier, andiB.,0. Hardin. 1986. Reproductive 
toxicology of Inhaled styrene oxkie in mts and rabbits. J. Aixrf. To)dcol. 6 :155-164. 

Springer, D. L, P. L Hackett; R. A MBier, and R.L Buschbom. 1986. Lung development and postnatal 
survival for rats exposed in utero to a High-boBIng coal liquid. J. AddI. Toxicol. 6:129-133. 

Springer, D. L, R. A Miller,,W. C. Weimer„H] A Ragan, R. L Buschbom, and D. D. Mahlum. 1986. Effects 
of inhalation exposure to a high-boiling (288 to 454°C)=coal liquid. Toxicol. AdpI. Pharmacol. 82 : 112-1311 
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Chou, B. J., R. A; Renne, R. A. Miller, and W. E.Glddens. 1967. Nasal lesions Inratsand mice exposed 
by chronic inhalation to selected organic chemicals, p. 34. In: Symposium on Recent Advances In 
Biological and Medical Sciences, December 17-19,1987, Taipei, Taiwan (abstract), 

Meinlck, R., Ji RoycrofL M. Shelby,^. Chou, R. Miller, and R,Tlce. 1967. Carcinogenicity and genotoxicity 
of 1,3-butadiene. The Toxicologist 7:13 (abstract); 

Renne.R. A, R. A. Milter, W. E. Giddens, G. A. Boorman, and R. R. Maronpot 1987. Degenerative, inflam¬ 
matory, and proliferative lesions of the nasal mucosa of rats and mice exposed by chronic inhalation to 
selected! organic chemicals with potential for human occupational exposure, p. 98: In: Abstracts, The 
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tion Using. Diverse Data, U. Mohr, D: V. Bates; D. L Dungworth; P. N. Lee, R. O. McClellan, and F. J. C. 
Roe (eds.). Springer-Vertag,New York, New York. 
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matory, and Proliferative Lesions ofithe Nasal Mucosa ofi Rats and Mice Exposed by Chronic Inhalation to 
Selected Organic Chemicals with'Potential tor Human Occupational Exposure. Presented at the 37th Annual 
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of 1,3-Butadiene. Presented at the 26th Annual Meeting of the'Society, of Toxicology, February 1987, 
Washington, DC. 
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Annual: Meeting of the Society of Toxicology, February 25-March 1; 1991, Dallas, TX 

Mast, T. J., C. L Leach, R. A. MUIer, P. W. Melllck, H. A. Ragan, B. Jt Chou, J. H. Roycroft, and J. K 
Dunnick. 1991. Inhalation Subchronic Toxicity of CadmiumOxide (CdO) in Rodents. Presented at the 30th 
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Manager, Toxicology Department, Life Sciences; Center, Batteite; Pacific Northwest [Laboratories 


B.S. Biology (1956); Washington State University 
D.V.M. Veterinary Medicine (1959), Washington State University 
Special Fellow,. NIH (1967-1969), Hematology, University of Utah 
Diplomat© (1987) , American Board I of Toxicology 


Dr. Ragan joined the Department as a Research Scientist in 1962 after 3 years in' private practice. His 
research interests for the past 20 years have been concemed with the broad aspects of hematopoiesis 
and lymphopoiesis. Studies have been directed) to alterations in these systems following insults by. 
radionuclides, heavy metals, and!physical)agents. Specific investigations include radiotracer kinetics of 
the cellular elements of blood] iron metabolism^ reticuloendothelial functions, carcinogenesis, t ar\6 evalua- 
tlomof immune competence* Dr. Ragan has been Principal Investigator for DOE-funded programs on the 
study of interrelationships^between pollutant metals and nutritional deficiencies on the hematopoietic and 
immune systems, the clinical pathologic effects of electric fields on roctents, and the in vitro quantitation 
of effects of pollutants on hematopoietic stem cells; a program for EPRI on the hematologic effects of 
electric field exposures; and a U.S. Navy program on the hematoimmunologic effects of exposure to 
pulsed microwaves. 

In addition to his research interests. Dr. Ragan directs the Clinical Pathology Laboratory and provides 
consultation and collaboration for this discipline. As a research support group;,this well-equipped labora¬ 
tory provides determinations of hematologic, coagulation, serum chemistry and urine parameters for most 
laboratory animal 1 species. In addition, special l hematologic determinations, cytochemistry and bone 
marrow evaluations are developed and performed as needed for specific studies. 

Responsibility as Manager ofToxicology Department includes administrative control of an annual budget 
of< >$10 million and about' 16 scientists,.26 technical specialists, 25 technicians, and 10 secretaries/clerks. 

For a 2-year period starting in January 1984, Dr. Ragan was Principal Investigator on multimiiion dollar 
toxicity and carcinogenesis studies conducted I by Battel )e for the NationalToxicology Program. 

Dr. Ragan was an NIH Special Fellow in hematology under the sponsorship of Dr. George E. Cartwright 
at the University of Utah Medical School during 1967-1969. His research involved the interrelationships 
_ between'iron and copper on erylhropoiesis in young swine. 

Prior to the fellowship, Dn Ragan‘S research at Hanford involved clinical and toxicologic studies into the 
effects of radionuclides in miniature swine, miniature goats, and sheep. He was also involved! in a 
National!Heart, Lung, and 1 Blood Institute-funded program on the chronic effects of added endogenous 
heat' imminiature swine implanted with a heat source in the thoracic aorta 
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REDACTED _ REDACTED 

Dr. Ragan is licensed to practice Veterinary Medicine, Surgery andrDeritistry in Washington,, and has 
Federal I accreditation in Washington. 
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Ragan; H. A. and R. D. Phillips. 1976. Hematologic effects in mice exposedto pulsed and CWmicro- 
waves, p. 48, In: Biological Effects of Electromagnetic IMnres, Abstract OS 2, XIX General Assembly of 
the International Union of. Radio Sciences, August 1-8,1978, URSI, Helsinki, Finland. 

Morris,, J. E, H. A Ragan, T. M. Graham, M. J. Pipes, and R. D. Phillips. 1980. In vivo and in vitro cell- 
mediated immunity, in mice exposed to 60-Hz, lOtWM/m electric fields. Bioeiectromagnetics 1:237 (ab¬ 
stract). 

Dagle, G. E., J. F. Park, and R. A Ragan. 1983. Early effectsof inhaled plutonium-239 nitrate in beagles. 
Health Phvs. 45:242 (abstract). 

Springer, D. L, D. D. Mahlum; R. A Miller, and H. A Ragan. 1983. A 90-day inhalation study of heavy 
distillate from the solvent refined coal (SRC)-II process, in: Abstracts of the Third International Congress 
on Toxicology, August 28-September 3,1983; San Diego, CA Toxicol Lett. 18:76 (abstract). 

Springer, D. L, D. D. Mahlum, and Hi A Ragan. 1983. Subchronic inhalation study of a high boiling 
solvent'refined coal (SRC) material. The Toxicolbaist 3:106 (abstract)! 

Abdo, K,, J. Roycroft, H. Ragan, R. Renne, and E. Glddens; 1986; Subchronic inhalation toxicity of hexa- 
chlorocyclopentadiene imF344/N rats and B6C3F 1 mice. The Toxicologist 6i57 (abstract). 

Roycroft, Ji H, R. A Miller, H. A Ragan, and W. M. Kluwe. 1986. Toxicologic effects of a 4-day inhalation 
exposure of rats and mice to bromobenzene. The ToxicolQoist 6:56 (abstract). 

Roycroft, Ji H. R. A Millar, H. A Ragan, and B. Ji Chou; 1987. Toxicologic effects of: 13-week inhalation 
exposure to tetrafluoroethylene in rats and mice. The Toxicologist 7:189 (abstract). 

Weller; R. E., G. E. Dagle, J. F. Park, and M. A Ragan. 1987. Clinicopathologic features of radiatiom+ 
induced and naturally occurring osteosarcomas in the dog, p. 126. In: Proceedings of the XXIII World 
Veterinary Congress, August 17, 1987, Montreal, Canada (abstract). 


Bucher, J.R.,,B.J. Chou, R.A Renne, J.R. Decker, and H.A Ragan. 1988. Inhalation toxicity of cobalt' 
sulfate. The Toxicolooist 8:15 (abstract). 


Greenspan, B. J., O. R. Moss, A P, Wehner; R. A Renne, H. A Ragan, R. B. Westerberg, C. W. Wright, 
R. Deskin, A W. Hayes, G. T. Burger, and A T Mosberg. 1988. Inhalation studies of humectant aerosols 
in rats. The Toxicolooist 8:255 (abstract). 

Melhick, Ri, J. Roycroft, B. Chou, H. Ragan, and R. Miller 1988. Inhalation toxicology of, isoprene in F344 
rats and B6C3F1 mice, p. 31. In: Toxicology, Carcinogenesis, and Human Health Aspects of 1,3-Butadiene, 
National Institute of Environmental Health Sciences, Aprill 12-13; 1988; Research Triangle Park, NC 
(abstract). 


Renne, R. A, A R Wehner, B. J. Greenspan,, O. R. Moss, H. A Ragan, R. B. Westerberg, C. W. Wright, 
H. S. DeFord, G. T. Burger, A W, Hayes,, and A T. Mosberg. 1988: Subchronic inhalation study in 
hamsters, comparingsmoke from a cigarette which bums andone that only heats tobacco. The Toxicolb¬ 
aist 8:254 (abstract). 


Roycroft, J. H., R. A Miller, H.,A.Ragan, and B. J. Chou 1988. Toxicologic effects of 13-week inhalation 
exposure to acetonitrile in rats and mice. The Toxicologist 8:250 (abstract).. 
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Weller, R. E., J. F. Park, G. E. Dagte, H. A. Ragan, and R L Buschbom. 1:989. Hepatic effects of inhaled 
plutonium in beagle dogs. Health-Phvs. 56:575 (abstract). 

Abdo, K. M., S. L Eustis, J. K. Haseman, M. Jokinen, R. A. Renne, and H. A Ragan. 199a Toxicity and 
carcinogenicity of inhaled o-chlorobenzalmalononitrite (CS2) in F344 rats. The Toxicologist 10:204 
(abstract). 

Dietz, D. D., J. R. Leininger, R. A Renne, and H. A Ragan. 1990. Prechronic inhalation toxicity studies 
of t-epinephrine hydrochloride in rodents. The Toxicologist 1Ch45 (abstract); 

Roy croft, J. H...M. R. Elwell, R. A Miller, R. A Renne. H. A.Ragan, B.J. Chou, and RW. Mellick. 1990. 
Toxicologic effects of 1-4-day and 13-week inhalation exposure to nitromethane in rats and mice.. The 
Toxicologist 10:205 (abstract). 

Chou, B. J., C. L Leach, R. A Miller, M. G. Horstmanj.H. A Ragan, J. R Bucher, and J. H. RoycrofL 
1991. 13-Week subchronic inhalation toxicity of 4-chlOFonitrobenzene (4-CNB) in rodents. The Toxicolo¬ 
gist' 11:87 (abstract). 


Horstman* M. G., C. L Leach* R W. Mellick, H. A Ragan, B. J. Chou, J. R. Bucher, and J. H. RoycrofL 
1891. 13-Weeksubchronic inhalation toxicity of 2-chk>ronitrobenzene (2-CNB)in rodents. The Toxicolo¬ 
gist 11:87 (abstract). 

Mast, T. J., C. L Leach, R. A Miller, R W. Mellick, H. A Ragan, B. J. Chou, J. H. Roycroft, and J. K. 
Dunnick. 1991. Inhalation subchronic toxicity of cadmiumiQxide (CdO) in rodents. The Toxicologist 11:84 
(abstract). 

Roycroft, J. R, B. J: Chou, H. A Ragan, R A Miller, R A Renne, and R E. Morrissey. 1991; Toxicologi¬ 
cal effects of 14-day and 13-week inhalation exposure to gallium arsenide in rats and mice. The Toxicolo- 
qist11:84 (abstract). 

RoycrofL J. HI, T. J. Mast, H. A Ragan, S. L Grumbein* R A Miller* and B. J. Chou. 1:992. Toxicological 
effects of inhalation exposure to styrene in rats and: mice. The Toxicologist ' 12:397. 
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ROGER A. RENNE 


Staff Pathologist, Technical Group Leader, Pathology Technical Group, Toxicology Department Battelle, 
Pacific Northwest Laboratories 


PreA/eterinary (1962), Portland State University 

D.V.M. Veterinary Medicine (1966), Washington State University 

Diplomate of the American College of Veterinary Pathologists (1973) 


From 1978 to the present. Dr. Renne has served as Task Leader for all pathology tasks on the NTP 
inhalation carcinogenesis project He has been a participant in a number of pathology working groups 
for NTF-sponsored subchronic and chronic inhalation studies performed atBattele and has participated 
in a> number of peer reviews of pathology data from rodent inhalation carcinogenesis and toxicology 
studies for industrial sponsors. 

From 1985 to the present. Dr. Renne has served as Pathology Task Leader for several nose-only inhala¬ 
tion studies of humectants and cigarette smoke in rats and hamsters for a private industrial sponsor. 

From 1988 to 1990;, Dr. Renne served as the Principal Investigator and Pathology Task Leader for a 
confidential industrial sponsor on an inhalation study investigating the toxic effects of inhaled liquid 
aerosols in rats.. 

From 1978 to 1986, Dr. Renne was Principal Investigator for a DOE-sponsored project that assayed the 
carcinogenic potential of crude'materials, products, and chemical and boiling-point'fractions of these 
materials from several synthetic fossil fuel technologies, utilizingi chronic (2-year) skin^painting exposure 
of' mice. 

From November 1979 to April 1982, Dr. Renne was Principal Investigator on a NIOSH-sponsored project 
studying the tong-term fibrogenie potential of four particulate materials intratrachealiy instilled lira hamsters. 

From August 1979to November 1980,,Dr.,Renne was Principal Investigator of an inhalation carcinogenesis 
project which involved the bioassay of>16 environmental chemicals in rodents, performed^ at Battelle as 
part of the Carcinogenesis Bioassay Program of the National Cancer Institute (NTP), under Prime Contract 
to Tracer Jitco, Inc. 

Shortly alter joining the Department in 1976, Dr. Renne was Principal Investigator oniseverallprojects,, 
including studies evaluating the fibrogenie and carcinogenic potential of particulate oil i shale materials 
using repeated intratracheal instillation, and Inhalation toxicity studies of F^S and ammonia in rodents. 
Me was also responsible tor histopathologic evaluation of pulmonary lesions in dogs exposed to cigarette 
smoke, and gross and microscopic evaluation of tissues from dogs exposed to carcinogenic doses ofi 
particulate radionuclides via inhalationi 

While on the staff ofi Experimental iPathology Laboratories (1974-1976), Dr. Renne served as a Consultant 
Pathologist to the TumorPathoiOgy Branch of the National Cancer Institute, Bethesda,,MD. Specific duties 
included histopathologic evaluation of tissues from rodents exposedto pesticides and other environmental 
chemicals as part of the NCI Chemical Carcinogenesis Bioassay Program, and consultation in: revising 
of the Systematized Nomenclature; of Pathology for use in the NCI Carcinogenesis Bioassay Program. 

During military service (1968-1974) Dr. Renne was a Veterinary Pathologist, Biomedical Laboratoiy,, 
Edgewood Arsenal, MD' (1973-1974). Dr. Renne participated in research programs determining the 
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toxicity pharmacology, and pathology of chemical compounds of military interest He performed necrop¬ 
sies on laboratory animals that had beam exposed to chemical compounds. He conducted detailed 
microscopic pathology studies in order to assess the nature and degree of histolbgic responses to chem¬ 
ical compounds or to determine the cause of. death > in colony animals dying spontaneously. Specific 
investigations of laboratory, animal diseases included glomerulonephritis.in laboratory, rabbits; measles- 
vinusnnduced i abortion and endometritis in rhesus monkeys, and tuberculosis in rhesus monkeys. He 
prepared reports describing and interpreting gross and microscopic alterations occurring in these animals. 
Hfe conducted a formal training program in veterinary pathology acceptable to the American College of 
Veterinary Pathologists. 

Prior to this (1970-1973),, Dr. Renne was Resident in Veterinary Pathology at the same laboratory. His 
activities involved gross and microscopic pathology and toxicology of chemical compounds of military 
interest and spontaneous laboratory animal diseases. He was a Preceptee in the U.S. Army preceptorship 
program in Veterinary Pathology. 

Dr, Renne was assigned! as Veterinary Officer, Toxicology Division, U.S. Army Environmental Hygiene 
Agency at Edgewood Arsenal from 1968 to 1970; His responsibilities included design and conduct of 
research and toxicologic evaluation of chemical compounds of military interest, including gross and 
microscopic pathologic examination. He was also responsible for the care of a colony of laboratory 
animals. 

From 1966 to 1968 Dr. Renne was in private veterinary practice in Albany, OR. 


redacted 


REDACTED 


Publications 


McNamara, B. P., R A. Renne, H. Rozmiarek, D. F. Ford, and E. J. Owens. 1973. GS; A Study of. Carcin- 
ogen/c/ty. EA-TRt 4760, EB-TR-730Z7, Edgewood!Arsenal Proving Ground, Aberdeen, MD. 

Renne, R. A.,R McLaughlin;, and A. B. Jenson. 1973. Measles virus-associated endometritis, cervicitis, 
and abortion in a rhesus monkey. J. Am. Vet. Med. Assoc. 163: 639-641. 

Pearson; J. G. and R A. Renne. 1975. The Toxicity of the Riot Control'Agent'CS (O-Chlorobertzylidene 
Mononitrile) and its Hydrolysis Products to the Mummichog, Funduius Heteroclitus (Linnaeus), EB-TR- 
- - 74095, Edgewood Arsenal Proving Ground, Aberdeen, MD.. 

Renne, R. A.J. F. Ferrell;, R E. VoelKer, and M. B. Powers. 1976. Pathology of long-term oral administra¬ 
tion of chloroform in rodents. ToxicoL ApdL 1 PharmacoL 37:179. 

Gandoffi;. A. J., J. E. Lund, R. A. Renne, K. E. McDonald, and C. A. Shields. 1978. Response of rats to 
intratracheal!/ administered oil shale dusts. Toxicol. ApdL Pharmacol. 45:229 

Park,, J. F., W. J: Bair, D. L Catt, D. K.. Craig, G. E.. Dagle, RA. Renne, and H. A.. Ragan. 1978. Late 
effects of inhaled plutonium oxide in dogs. Health Phvs. 35 :888-889 (abstract). 

Phillips, R. D., D. 1L Hjeresen, R. A.. Jaffa, W; T Kaune, H. A. Ragan,, D; I. Hilton, J. E; Morris,, 8. J. 
McClanahan, M. R Sikov, R A. Renne, M. J. Free; and.R R Schneider. 1978.. Biological effects of 60-Hz 
electric fields on rodents,, p..11. In: Abstracts,.DOE Environmental ControlSymposium, November 28-30,, 
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1976. Washington, DC. Division of Environmental Control Technology, Assistant Secretary for Environ¬ 
ment, U.S. Department of Energy, Washington,, DC. 

Cardy, R. Hi, ft A. Renne, J. W Warner, and ft L Cypher. 1979i Carcinogenesis bioassay ofitechnical 
grade piperonyl butoxide in F344 rats. J. Natl. Cancer Insti 62:569-576. 

Dagle; G. E., G. Ml Zwicker, andift A. Renne. 1979. Morphology of spontaneous brain tumors in the rat 
Vet. Pathol: , 16:318-324. 

Andrew, F. Di, R. A. Renne, and W. C. Cannon, 1980. Reproductive toxicity testing for effects of HjS in 
rats, p. 276. In: Pacific Northwest Laboratory Annual Report for 1979 to the DOE Assistant Secretary for 
Environment, Part 1, Biomedical Sciences, PNL-330Q. NTJS, Springfield, VA 

Renne, R. A.,,A. J. Gandolfi; J. E Lund, L G. Smith, K. E. McDonald, and C. A, Shields. 1980:. Morpho¬ 
logic and biochemical effects of intratracheally administered oil shale in rats. J. Environ. Pathol. Toxicoll 
3:397-406. 

Renne.R A., J. E. Lund, K. E McDonald, ar»d L G. Smith. 1980; Morphologic effects of intratracheally 
administered oil shale in rats, pp. 5011-514. In: Health Implications of. New Energy Technologies, W. N. 
Rom and V. Archer (eds.). Ann Arbor Science Publishers, Ann Arbor, Ml. 

Robinson, A. V., K. McDonald, and R. Renne. 1980. Effect of in vivo exposure of H 2 S on free cells 
obtained from lungs of rats and guinea pigs, p. 262: In: Pacific Northwest Laboratory Annual Report for 
1979 to the DOE Secretary for Environment,Partt, Biomedical Sciences, PNL-3300. NT1S, Springfield, VA. 

Renne, R. A. and L G. Smith.. 1981. Carcinogenic effects of coal conversion materials, pp. 9-20. In: 
Proceedings of the Industrial Hygiene and Occupational Medicine in Coal Conversion Projects Workshop, 
November 6-7, 1980, Washington, DC. CONF-801i143, NTlS, Springfield, VA.. 

Renne, R. A., L G. Smith, andiD. D. Mahlum. 1981.. Epidermal carcinogenicity of some fossil fuels in* 
mice: A preliminary report, pp. 4711-481. In: Coal Conversion end the Environment Chemical, Biomedical 
and Ecological Considerations, D. D. Mahlum, R H. Gray, and W. D. Felix (eds.); Proceedings of the 20thi 
Hanford Life Sciences Symposium, October 19-23; 1980, Richland, WA CONF-801039, MTlS„Springfield, 
VA 


Wilson, B. W., ft A Pelroy, and ft A Renne. 1981. Estimating potential genotoxiclty for direct coal 
liquefaction materials. In: Abstracts, American Institute of Chemical Engineers Meeting, August 16-19, 
1981, American institute of Chemical Engineers, Detroit, Ml. 

Eldridge, S. R., K. E McDonald, FL A Renne, and T: R. Lewis, 1982. Melhohexital anesthesia for intra¬ 
tracheal instillation in the hamster. Lab. Anim. 11:50-54. 

Mahlum, D. D., M. E Frazier, R. A Pelroy, andift A Renne. 1983: Comparison of In Vitro and In Vivo 
Studies with Coal Liquids from the SRC-II Process, PNL-4836, Pacific Northwest Laboratory, Richland, WA 
NTIS, Springfield, VA 

Pelroy, ft A, ft A Renne, D: D, Mahlum, M. E Frazier, and D. L Stewart. 1983. Comparison ofiihivitro' 
vs. in vivo test results. \n: Abstracts of the Third International. Congress on Toxicology,, August 28-Septem- 
beri3, 1983, San Diego, CA Toxicol. Lett 18: 81 (abstract). 


Renne, ft A, L G.. Smith; and H. D. Tolley, 198a Epidermal carcinogenesis studies of synthetic fuel 
materials in mice. Toxicol! Lett. 18:82 (attract). 
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Wilson* B. W., R A. Pelroy, D. D. Mahlum, M. E Frazier, R. A. Renne, and R J. Meilinger. 1983. Hetero- 
atomic PAH: Analysis, bioassay, and implications lor air quality. In: Proceedings of the OECD Workshop 
on PAH, October 1981, Organization for Economic Cooperatkxvand Development, Paris, France. 

Pelroy, R A., D. D. Mahlum, M. E. Frazier, R A. Renne, D. L Stewart, and E K. Chess, 1984. Compari¬ 
son ofi in vivo carcinogenesis and in vitro genotoxidty erf complex hydrocarboni mixtures,, pp. 267-302. 
In: Proceedings, Fifth ORNL Life Sciences Symposium,, Synthetic Fossil Fuel Technologies: Results of 
Health, and Environmental Studies, K E Cowser and C. R Richmond (eds.); October 24-27, 1982, 
Gatlinburg, TN. Butterworth Publishers, Stoneham, MA. 

Pelroy, R A., D. D. Mahlum, M. E. Frazier. R A. Renne, D. L Stewart,,and D. W. Later* 1984. Mutagenic¬ 
ity and carcinogenicity of polycyclic aromatic enriched fractions fromcoal liquefactiommaterials, pp. 617- 
618. In: Proceedings, International Conference s Environmental Contamination, Jtuty 10-13,1984, Imperial 
College of London, London; England. CEP Consultants,, litdi, Edinburg, U.K. 

Clarke, W. J., R* A; Renne; W. E. Giddens, and R B. Westerberg (Contributors). 1985. Toxicology and 
Carcinogenesis Studies of Propylene Oxide in F344/N Rats and B6C3F , Mice (Inhalation Studies), N7P TR 
267, NIHI Publication No. 85-2527. National Toxicology Program, Research Triangle Park, NC. 

Giddens, W. E. Jt and R A. Renne. 1985. Hemangtosarcoma, nasal cavity, mouse, pp. 72-74. In: 
Respiratory System, Volume 2..T. C. Jones, U. Mohr; and R D. Hunt (eds.), Monographs on Pathology of 
Laboratory Animals, sponsored by the International Life Sciences Institute. Springer-Verlag, New York, 
NY 

Renne, R A. andlR L Buschbom. 1985. Health effects of complex mixtures, pp. 63-65. In; Health and 
Environmental Effects of Complex Chemical Mixtures, Proceedings of the First Annual DOE Contractors 
Meeting, June 17-18,1985, Chicago, IL CONF-8506155, NT1S, Springfield, VA. 

Renne, R A., S. R Eldridge, T. R Lewis, and D. 1L Stevens. 1985. Fibrogenic potential of intratracheally 
instilled quaitz,.ferriC oxide, fibrous glass, and hydrated alumina in hamsters. Toxicol. Pathol; 13:306-314. 

Abdo, K., J. Roycroft, H. Ragan,.R Renne, and E Giddens. 1986. Subchronic inhalation toxicity of hexa- 
chlorocyclopentadiene in F344/N rats and B6C3F r mice. The Toxicoloaist 6:57 (abstract). 

Renne, R A.. W. E. Giddens, G. A. Boorman, R Kovatch, J. E Haseman, and W. J. Clarke. 1986. Nasal 
cavity neoplasia in F344/Nrats and (C57BU/6 x C3H)F, mica inhaling,propylene oxide for up to two years. 
J. Natl. Cancer Inst. 77:573-582. 

Renne, R A., C. W. Wright, L. G. Smith, and R L Buschbom. 1986. Epidermal carcinogenesis studies 
of synthetic fossil fuel materials in mice. Toxicology 40:311-325. 

Chou; B. J., R A. Renne, R A. Miller, and W. E Giddens. 1987. Nasal lesions in rats and mice exposed 
by chronic Inhalation to selected organic chemicals, p. 34. In: Symposium s Recent Advances in Biologi¬ 
cal and Medical Sciences, December 17-19,1987, Taipei, Taiwan (abstract). 

Renne, R. A., R A. Miller, W. E. Giddens, G. A. Boorman, and R R Maronpot 1987.. Degenerative; 
inflammatory, and proliferative lesions of the nasal mucosa ofrats and mice exposed by chronic inhalation 
to selected organic chemicals with potential for human occupational exposure; p. 98; In: Abstracts, The 
Design and Interpretation of Inhalation Studies and Their Use in Risk Assessment, UJ Mohr (edJ). Ibter- 
national Life Sciences Institute, Hannover Medical School, Hannover, Federal Republic erf Germany*. 
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Bucher, J.Ri, BJ. Chou, RA Renne, J.R. Decker, and HA Ragaa 1988. Inhalation toxicity of cobalt 
sulfate: The Toxicologist 8:15 (Abstract). 

Chhabra, a, B, Chou, a Renne, and a Miller. 1988. Subchronic toxicity of tetrahydrofuran vapor in rats 
and mice. Fed. Am. Soc. Exp. Biol. J. gA476i (abstract). 


Greenspan, B. Ji, O. R. Moss, A. P. Wehner, a A. Renne, H. A. Ragan,, R. B. Westerbergj C. W. Wright, 
a Deskin, A. W. Hayes, G: T. Burger, and A. T. Mosberg. 1988. Inhalation studies of humectate aerosols 
in rats. The Toxicologist . 8:255 (abstract). 

Mennear, J. H., Ei E. McConnell, J. E. Huff, R, A. Renne, and E. Giddens. 1988. inhalation toxicology and 
carcinogenesis studies of methylene chloride (dichloromethane) in F344/N rats aradiB6C3F 1 mice. Ann. 
NY Acad. Sci. 534 :343-352. 

Reilly, C. A. and R. A. Renne. 1988. Toxicological effects of coal-based syrrfueis. Chapter 3, pp. 57-245. 
In: Toxicology of Coal Conversion Processing! R. H. Gray, H. Crocker, and M. J. Massey (eds.). John 
Wiley & Sons, New York, NY. 

Renne, R. A., A. R Wehner, B. J. Greenspan, O. a Moss, H. A Ragan, R. B. Westerberg, C. W. Wright, 
H. S. DeFord, G. T. Burger, A. W: Hayes, and A. T. Mosberg. 1988. Subchronic inhalation study in 
hamsters, comparing smoke from a cigarette which bums and one that only heats tobacco. The Toxicolo¬ 
gist 8:254 (abstract). 

Wehner* A. P., a A. Renne, B. Ji Greenspan, O; a Moss; A W. Hayes, G. T. Burger, and A. T. Mosberg. 
1988. Subchronic inhalation i study in rats, comparing smoke from a cigarette which bums and one that 
only heats tobacco. The Toxicologist 8:254 (abstract)* 

Wright, , C. W., E. K. Chess, a A Renne, and a L Buschbom. 1988; Effects of nftrosation on thB chemi¬ 
cal composition and epidermal carcinogenicity of the nitrogen-rich fraction of a high-boiling coal liquid. 
J. AppL Toxicoi. 8(2)i95-104. 


Burger, G. T., a A Renne, J. W. Sagartz,,R H. Ayres,C. R. E. Coggins, A. T. Mosberg,,and A. W. Hayes. 
1989. Histologic changes in the: respiratory tract induced by inhalation of xenobiotics: Physiologic 
adaptation or toxicity? Toxicoii AddI. Pharmacol. 101:521-542; 

Roycroft, J. Hi, H. A Ragan, R..A. Miller, R..A. Renne,.and B. J* Chou. 1989. Toxicologic and carcino¬ 
genic effects of two-year inhalation exposure to bromoethane or chtoroethane in rats and mice* p. 115. 
In: Proceedings ofHie BOlh Annual Meeting of the American Association for Cancer Research! Vo). 30, May 
24-27,1989, San Francisco, CA. 

Abdo, K. M., S. L Eustis, J* K. Haseman, M. Jokinen, R. A Renne, and H. A. Ragan. 1990. Toxicity and 
carcinogenicity of inhaled o-chlixobenzalmaJononitrile (CS2); in F344 rats. The Toxicologist 10:204 
(abstract). 

Bucher, J. R., Mi R. Elwell, M. B. Thompson, B. Ji Chou, R. Renne, and H. A. Ragan; 1990. Inhalation 
toxicity studies of cobait sulfate iniF344/N:rats and B6C3F1 mice. Fundam. Aool. Toxicol. 15:357-372. 

Dietz, D. D., J. R. Leininger, R. A Renne, and M. A. Ragan. 1990. Prechronic inhalation toxicity studies 
of t-epinephrine hydrochloride in rodents. The Toxicologist 10:45 (abstract). 

Ragan, H. A W. J. Clarke, R; Miller, F. G* Burton and R. A Renne (Contributors). 1990. Toxicology and 
Carcinogenesis Studies, of CS2 (94% o-Chloroberualmalononitrile in F3441N Rats and B6C3F 1 Mice 
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(Inhalation Studies )i NTP TR 377, NIH Publication No. 90-2832. National Toxicology Program, Research. 
Triangle Park, NC. 

Roycroft, J. H., M. R Elwell, R A. Miller, R A. Renne, H. A. Ragan, B. J. Chou, and P. W. Mellick. 1990. 
Toxicologic effects of 14-day and 13-woek inhalation exposure to nitromethane in rats and mice. The 
Toxicologist 10:205 (abstract); 

Wehner, A P., R A. Renne, B. J. Greenspan, H. S. DeFordJ M. A. Ragan; R B. Westerberg, C. W. Wright, 
R L Buschbom, G. T. Burger, A. W. Hayes, C. R E Coggins, and A. T. Mosberg, 1090. Comparative 
subchronic inhalation bioassay in hamsters of a cigarette that only heats tobacco. Inhai. Toxicol. 2:255- 
284. 

Chou, B. Ji, R A. Renne, D. 0; Dietz, and J. H. Roycroft 1991. Subchronic and chronic inhalation studies 
of f-epinephiine hydrochloride in rodents, p. 194.. In: Proceedings of the Southeast Asian/Western Pacific 
Regional Meeting on. Pharmacology. Hong Kong Pharmacology Society, Hong Kong; (abstract): 

Monticello, T M., R Renne, and K. T Morgan. 1991; Role of chemically-induced cell proliferation in 
upper respiratorytract carcinogenesis, pp. 323-335. In: Chemically-InducedCell Proliferation: Implications 
for Risk Assessment, B. E. Butterworth, T J. Slaga, W, Farland, and M. McClain (eds;). Wiley Liss, New 
York, NY 

Roycroft, J. H., B, J. Chou, Hi A. Ragan, R A Miller, ,R A. Renne, and R E Morrissey. 1991. Toxicologi- 
cal i effects of 14^day and 13-week: inhalation exposure to gallium arsenide in rats and mice. The Toxicolo¬ 
gist 11:84 (abstract). 

Renne, R A, H. R Brown; and M. R Jokinen: 1992. Morphology of nasal lesions induced in Osbome- 
Mendellrats and B6C3F1 mice by chronic inhalation of altyllglycidyl ether. Toxicol, Pathol. 20:416-425. 

Renne, R A, K. M. Gideon, R. L Buschbom, and A E Brix. 1992. Comparison of BRDU pulse and pump 
with PCNA labeling to measure cell proliferation sin rat nasal epithelium. Toxicol. , Pathol. 20: 642 (abstract); 

Renne, R A, K. M. Gideon, R A Miller, R W. MOOick, and S, L Grumbein. 1992. Histologic methods and 
interspecies variationsin the laryngeal histology of F344/N rats and B6C3F1 mice. Toxicol. Pathol. 20:44- 
511 

Renne, R A, J. W. Sagartz, andGi.T. Burger 1992: Interspecies differences blithe histology of toxicolog- 
ically Important areas in the larynges of CRLCD rats and Syrian Golden hamsters. Toxicol, Pathol. 20:642 
(abstract). 

Renne, R A, A P. Wehner,. B, J. Greenspan, H. S. DeFord, H. A Ragan, R. B: Westerberg, R. L 
Buschbom; G. T Burger, A W. Hayes, R; L Suber, and A T. Mosberg. 1992. 2-week and 13-week 
inhalation studies ofi aerosolized glycerol in rats. Inhai; Toxicol. 4:95-111. 
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STEPHEN E. ROWE 


Staff. Veterinarian* Ufe Sciences Center, Battelle, Pacific Northwest laboratories 

B.S. Agriculture (Biochemistry option; 1964),. Purdue University 

D.V.M1 Veterinary Medicine (1968), Purdue University 

M.S. Pathology (1972), University of. Michigan 

Dipl ornate of the American College of Laboratory Animal Medicine (1973) 

Dr. Rowe directs the Animal Health Program fortheliife Sciences Center. He is responsible for development 
of appropriate procedures for ttie acquisition and maintenance of pathogen-free animals and for minimizing 
environmental variables. He evaluates the health of animals upon their arrival and monitors the health and 
environment of animals on study. Dr. Rowe utilizes clinical and hlstopathdoglcal examinations and the 
support of the Clinical Microbidtogy Laboratory, which he directs, to carry out these responsibilities. 

As Staff Veterinarian for ongoing projects, Dr. Rowe; 

• Develops and maintains diagnostic services and disease surveillance procedures 

• Develops and implements a preventive medicine program and related standard operating proce¬ 
dures 

• Provides veterinary care, including, surgery, postsurgical care, and physical examinations 

• Performs gross necropsy and hlstopathologica) examinations ofanlmals in diagnosing spontaneous 
diseases 

> Trains technical staff in procedures involving animals 

• Monitors feed, water, and bedding quality 

• Monitors sanitation andl environmental conditions In the animal facilities 

• Selects or approves sources of animals and conducts pathogen screening procedures on all 
shipments of animals 

• Provides expertise on animal care, animal health, and humane procedures in planning experiments 
and preparing proposals 

• Evaluates experimental Meets In live animals and aids in the interpretation of experimental results 

• Chairs the Animal Resources Councl. which Is charged with planning, communicatingiand facBitat- 
ing animal care policies and procedures In the (life Sciences Center. 


Dr. Rowe also serves as the ‘institutional veterinarian* and b Chairman of the Animal Care Committee. As 
such, heb responsible for assuring. Battelle's compliance with the USDA Anlmall Welfare Regulations, the 
NIH Animal Welfare Policy and other applicable regulations and guidelines concemingianimal care and use. 
!h carrying out these responslbfllties (or In association with the Animal Care Committee), he; 
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• Monitors animal cate and use on a daly basis 

• Reviews all Battelie proposals Involving the use of vertebrate animals 

• Reviews all ongoing research projects using animals annually 

• Conducts semiannual Inspections and reviews of the animal faritittes andl of the Animal Care and 
Use Program i 

• Provides education and training in animal iweHare and In animal care and use procedures for all staff 
working with animals 

• Provides guidelines and training In the use of analgesics and anesthetics and' their appropriate 
application for pain control and euthanasia: 

Dr, Rowe was a Postdoctoral Fellow with, the'Unit for Laboratory Animal Medicine at the University of 
Michigan Medical School from 1970-1973. During this time, arid for a period of. more than 1 year, Dr. Rowe 
had first-line responsibility for the clinical i veterinary. care of several hundred I primates and of a diverse 
population of other animals usedatthe University of Michigan .Medical School. Training also included exten¬ 
sive practical experience with the gross and hlstopathoiogicaJ diagnosis of.diseases In laboratory animals. 

From.1968 to 1970, Dr. Rowe was a Veterinary Corps Officer with the Army Environmental Hygiene Agency, 
Edgewood Arsenal, MO. He conducted primary Irritation, sensitization and other toxicity studies in labora¬ 
tory, animals andldirected the animaJi care activities of that.facility. 

REDACTED REDACTED 


Publications 

Bree, Ml M., B. J. Cohen,, and S. E Rowe. 1972. Dissociative anesthesia in dogs and primates: Clinical 
evaluation of Cl 744. Lab. Animi Sci. 22:878-8811 

Rowe, St E„ J. L Simmons, D. H. Ring!er,.and D. M. Lay. 1975. Spontaneous neoplasms in aging, gerbll- 
linae - A summary of forty-four neoplasms. VeL Pathol. H:38-51. 

Dagle, G. E, M. R. Sikov, S. E Rowe, G. F. Burton, and W. E Skiens. 1980. Effects of d-norgestrel-relfeas- 
- - ing intracervical devices in the nonhuman primate. Eiythrocebus patas. Contraception .22:409-423. 

Welter, R. E, T. C. KJnnas, S. E Rowa.andE L Wtermam 1982. Management of dystocias In a dosed! 
beagle colony by cesarean section. Lab. Anlm. Sci. 24:428 (abstract). 

Fitzner, R. E, R. A: Miller, C. A. Pierce, and St. E Rowe. 1985. Avian pox in. a red-tailed hawk (Buteo 
jamalcensisy. J. Wildll Pis. .21 -298-301. 

Greenspan, B. Ji, O. R. Moss, R. HI Busch^ R. L Buschbom, S. E Rowe, and R: M. Schreck. 1986. The 
influence of animal ageonthe effects of chronic exposure to diesel exhaust p. 300. in: Aerosols Forma¬ 
tion and Reactivity, Proceedings of the Second International Aerosol Conference, 1986, West Berlin, FRG. 
’ Pergamon Press. New York, NY (abstract). 
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R, BRUCE WESTERBERG 


Staff Scientist, Technical Group. Leader, Analytical' Chemistry Technical Group, Toxicology Department, 
Battelle;, Pacific Northwest laboratories 


B.S. Chemistry (1969), Southern Oregon State College 
Ph*D. Analytical Chemistry (1974), Purdue University 


Dr. Westerberg joined the Department In 1980. He provides chemistry support for inhalation studies, and 
is presently a Chemistry Task Leader for Inhalation toxicology studies. He Is also Technical Group Leader 
for the Analytical Chemistry Group. The responsibilities of this work Include development of on-line methods 
for monitoring exposure levels, their, implementation,, and: studies cf.the possible degradation of: exposure 
levels. Dr. Westerberg has been the Principal Investigator for several! projects Involving determination of 
trace levels of a test material and major metabolites In plasma. He has also provided chemistry support for 
studies of the metabolism .of carcinogens In.the presence of complex organic mixtures. 

Dr. Westerberg has also assisted In the operation of a hlgh-resdution mass spectrometer; this Involves 
analyses requiring a variety of techniques: determination of elemental composition by exact mass measure¬ 
ments, trace analysis using fused silica column'gas chromatography and! selected ion monitoring, field 
desorption, negative Ion chemical Ionization, etc; 

Previously (1974-1980), Dr. Westerberg was employed by E. 1. duPont Chambers Works, Jackson Labora¬ 
tory, as an Analytical Research Chemist During part of that'period he was.responsible for the laboratory's 
HPLC faclities. He also upgraded the GG/MS ! facilities and demonstrated increased analytical capability 
provided :by new instrumentation, with emphasis on quantitative trace analysis. This work included analysis 
of industrial waste waters for priority pollutants, and analysis for polychlorinated biphenyls (PGBs) in com¬ 
plex materials. 

REDACTED REniiiT'Ycr* 


Publications 

Westerberg;, ft B., J. E. Davis, J. E. Phelps, et al. 1975. Control and!measurement of carrier gas flow rate 
for high-precision gas chromatography. Cherry Instrum. g:273. 

~ Westerberg;,ft B., F. J. Van Lenten, and L B. Rogers. 1975; Chromatographic behavior of a cholesteryj 
myristate stationary phasa ln an electric field. Sep. Sd. 10:593. 

Kelman, B. J., D; L Springer, andiR. B. Westerberg. 1983. Metabolic distribution of benzoja]pyrene (BaP) 
in the circulation of the rodent. The Toxicologist 3:566 (abstract); 


Schirmer, R. E., R. B: Westerberg;, L, J. Felice, B. J. Kelman, and D. L Springer: 1983. Percutaneous 
absorption and metabolism of carcinogens associated!with synfueil processing. Toxicol. Lett. l£ (Suppl. 
1):80 (abstract). 


Westerberg,, R.B., S; L Alibrando, and F. J. Van Lentert 1884. Determination of polychlorinated biphenyls 
using limited mass scan gas chromatography-mass spectrometry. 
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Westerberg, R. B., D. L Springer, D. B. Mahlum.MJ E: Frazier, C. W. Wright, and R. E Schirmer. 1684. 
Metabolism and DNA binding of benzo[B]pyrene in the presence of complex mixtures. The Toxlcologlst 4:40 
(abstract). 

Buchta, R. C., H. F. Wyles, C. J. Wensler, F. J. Van lienten, R. B. Westerberg,. and L A. Williams. 1985. 
Determination of poiychiorinatedbiphenyls in copper phthalocyanlne pigments. J. Chromatoor. 325 :455-461! 
(Note). 

Clarke, W. J., R. A. Miller, and R. B. Westerberg (Contributors). 19B5. Toxicology and Carcinogenesis 
Studies of 1,3-Butadiene in BSC3F 1 Mice (inhalation Studies), NTP TR 288, NIH Publication No. 84- 
2544. National Toxicology Program, Research Triangle Park, NC. 

Clarke, W. J., R. A. RBnne, W. E. Giddens, and R, B. Westerberg (Contributors). 1985. Toxicology and 
Carcinogenesis Studies of Propylene Oxide in F344/N Rats and B6C3Fj Mice (Inhalation Studies), 
NTP TR 267,. NIH Publication No. 85-2527. National Toxicology Program, Research Triangle Park, NC. 

Clarke, W. J.. R. B. Westerberg* D. Fairchild, R. A. Miller, and R. A. Gelmani(Contributors). 1985.. Toxicol¬ 
ogy and Carcinogenesis Studies of Propylene in F344/N Rats and B6C3F } Mice (Inhalation 
Studies), NTPTR272, NIHlPublicatlon No. 86-2528. National Toxicology Program, Research Triangle Park,. 
NC. 

Clarke, W., R. B. Westerberg, H. Ragan, and R. Miller (Contributors). 1986. Toxicology and Carcinogene¬ 
sis of Tetrachloroethyiene (Perchloroethylene) in F344/N Rats and B6C3F 1 Mice (Inhalation 
Studies), NTPTR 311, NIHlPublicatlon No. 86-2567. National Toxicology Program, Research Triangle Park, 
NC. 


Maronpot, R. R., R. A. Miller, W. J. Clarke, R, B. Westerberg* J. R. Decker, and O. R. Moss. 1986. Toxicity 
of formaldehyde vapor In B6G3F1 mice exposed for 13 weeks. Toxicology 41:253-266. 


Springer, D. L„ D. D. Mahlum, R. B. Westerberg, K. LL Hopkins,. M. E. Frazier, D. W. [Later, and W. G. 
Welmer. 1986. Carcinogenesis, metabolism, and DNA binding studies ofi complex organic mixtures, pp. 
881-891. \m Polynuclear Aromatic Hydrocarbons: Chemistry, Characterization and Carcinogene¬ 
sis,, Ninth International Symposium, Vot. 9, M. Cooke and A. Jl Dennis (eds.), OctoberSO^November 1,1984, 
ColUmbus, OH. Battelle Press, Columbus, OH. 

Hackett, P. L, M. R. Sikov, T. J. Mast, M. G. Brown, R. L Buschbom, M. L Clark, J. R. Decker, Jl J. Evanoff, 
R. L Rommereim, S. E Rowe, and R. B. Westerberg. 1987. Inhalation* Developmental Toxicology 
Studies of 1,3-Butadiene In the Rat, Final Report to National i Toxicology Program, Pacific Northwest 
Laboratory, Richland, WA. 

Hackett, P. L, M. R. Sikov, T. J. Mast, M. G. Brown, R. L Buschbom, Ml L Clark, J. R. Decker, J. Ji Evanoff, 
R. L Rommereim,. S. E Rowe,, and R. B. Westerberg, 1987. Inhalation• Developmental Toxicology 
Studies: Teratology Study of 1,3-Butadiene In Mice,, Final Report to National Toxicology Program, 
Pacific Northwest Laboratory, Richland, WA. 

Cross, F. T., R. A, Gies, R. L Buschbom, W. C. Cannon,. G. E Dagle, H. S. DeFord, M. E. Frazier, R. F. 
Jostes, F. C. Leung, J. A Reese, S. Marks, L L Scott, G, L Stingier, and R. B. Westerberg. 1988. Mechan¬ 
isms of radon injury, pp. 39-40. In: Pacific Northwest Laboratory Annual Repod for 1987 to the DOE 
Office of. Energy Research, Ptut 1, Biomedical Sciences. NTIS,, Springfield, VA. 
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Greenspan, B. J., 0; R; Moss, A. P. Wehner, R. A Renne, H. A Ragan, R. B; Westerberg, C. W. Wright, R. 
Deskin, A W. Hayes, G. T. Burger, and A T. Mosberg* 1988; Inhalation studies of humectant aerosols In 
rats. The Toxicoloaist fi:255 (abstract). 


Hackett, P. L, T. J. Mast, M. G. Brown, M. L Clark, J! J. Evanoff. S. E. Rowe, B. J. McClanahan, R. L 
Buschbom, J. R. Decker, R. IL Rommereim, and R. B. Westerberg. 1988. Dominant Lethal Study in CD-I 
Mice Following Inhalation Exposure to 1,3-Butadiene, Final Report to National Toxicology Program, 
Pacific Northwest Laboratory, Richland; WA 

Hackett, P. L, T. J. Mast, M. G. Brown, M. IL Clark, J. J. Evanoff, S. E. Rowe, B. J. McClanahan. R. L 
Buschbom, J. R. Decker, R. L Rommereim, and R. B. Westerberg] 1988. Sperm-Head Morphology Study 
in B6C3F1 Mice Following Inhalation Exposure to 1,3-Butadiene, Final Report to National Toxicology 
Program, Pacific Northwest' Laboratory, Richland, WA 


Mast, T. J., J. R. Decker, K. H. Stoney, R. B. Westerberg, J. J. Evanoff, R. L Rommerelm„andiR. Ji Weigel. 
1S8S. Inhalation Developmental Toxicology Studies: Teratology Study of Acetone in Mice and 
Rats, Draft Report to National Tosdcology Program, Pacific Northwest Laboratory, Richland, WA 

MasL.T. J., J. R. Decker, K. Hi Stoney, R, B. Westerberg) J. J. Evanoff, R. L Rommereim, and R. J. Weigel. 
1988 . Inhalation Developmental Toxicology Studies: Teratology Study of n-Hexane in Mice, Final 
Report to National Toxicology. Program, Pacific Northwest Laboratory, Richland,, WA 

Mdst, T. J., J. A Dill, J. J. Evanoff, R. L Rommereim, R. J. Weigel, and R. B, Westerberg. 1988. Inhalation . 
Developmental Toxicology Studies: Teratology Study of Methyl Ethyl Ketone in Mice, Draft Report 
to National Toxicology Program, Pacific Northwest Laboratory, Richland, WA 

Mast, T. J., Ji J. Evanoff, K. H. Stoney,, R. B. Westerberg, R. L Rommereim,. and R. Ji Weigel. 1988. 
Inhalation Developmental Toxicology Studies: Teratology Study oflsoprene in Mice and Rats; Draft 
Report to National Toxicology Program, Pacific Northwest Laboratory, Richland, WA 

Mast, T. J., J. Ji Evanoff,, K. H. Stoney, R. B. Westerberg, R. L Rommereim, and R. J. Weigel. 1988. 
Inhalation Developmental Toxicology Studies: Teratology Study of Methylethylketone in Mice. 
Prepared for the National Institute of Environmental Sciences, National: Toxicology Program, September 
1988. Pacific Northwest' Laboratory, Richland, WA 


Mast, T. J., J. J. Evanoff, K. H. Stoney, R.. B. Westerberg, R. L Rommereim, andi R. J. Weigel. 1988. 
Inhalation Developmental Toxicology Studies: Teratology Study of Tetrahydrofumn in Mice and 
Rats, Final Report to National Toxicology Program) Pacific Northwest Laboratory. Richland, WA 

Mast, Ti. Ji, P. L Hackett, J. Ri Decker, R; B. Westerberg, L B. Sasser, B; J. McClanahan, R. L Rommereim) 
and! J. J. Evanoff. 1988; Inhalation Reproductive Toxicology Studies: Sperm Morphology Study of 
n-Hexane In B6C3F1 Mice, Final Report to National Toxicology Program, Pacific Northwest Laboratory,. 
Richland,, WA 


Mast, T. J.. R, L Rommereim, J. J. Evanoff, L B. Sasser, JI R: Decker, K. H. Stoney, R. J. Weigel, and R. 
B. Westerberg. 1988. Inhalation Reproductive Toxicology Studies: Male Dominant Lethal Study on 
n-Hexane In Swiss (CD*1) Mice,. Final Report to National Toxicology Program, PNL-6679. Pacific 
Northwest Laboratory, Richland. WA 

Ragan, H. A, R. Miller, R. Westerberg, and R. H. Busch (Contributors). 1988. Toxicology and Carcino¬ 
genesis Studies of 1,2-Epoxybutane (CAS No. 106-88*7) In F344/N Rats and B6C3F 1 Mice (Inhaia- 
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tion Studies), NTP TR 029, NIH Publication No. 88-2585. National Toxicology Program, Research Triangle 
Park. NC. 

Renne, R. A., A. P. Wehner, B. J. Greenspan, 0. R: Moss, H. A. Ragan; Rl B. Westerberg, C. W. Wright, HI 
S. BefFonf, G. T. Burger, A.. W. Hayes, and A. T. Mosberg. 1988. Subchronic Inhalation study in hamsters, 
comparing smoke from a cigarette which i bums and one that only heats tobacco. The Toxicologist 8 :254 
(abstract). 

Burger, G. T., R. A. Renne, Ji W. Sagartz, P. H. Ayres, C. R: & Coggins, A. T. Mosberg,. and'A, W. Hayes. 
1989. Histologic changes in the respiratory, tract induced by inhalation of xenobiotics: Physiologic adapta¬ 
tion or toxicity?' Toxicol. AdpI. Pharmacol. 1Q1 £521-542. 


Clarke; W., R. H. Busch, R. B. Westerberg, and R. Miller (Contributors). 1969; Toxicology and Carcino¬ 
genesis Studies of Chloroethane (Ethyl Chloridef in F344/N Rats and B6C3F y Mice (Inhalation 
Studies), NTP TR 346, NIH Pubiication No. 90-2801. National Toxicology Program, Research Triangle Park, 
NC; 

Clarke, W.. H. A. Ragan, R: H. Busch, R. B. Westerberg, and R. Miller (Contributors), 1990; Toxicology 
and Carcinogenesis Studies of 2-Chloroacetophenone In F344/N Rats and B6C3F^ Mice (Inhala¬ 
tion Studies), NTP TR 379. National Toxicology Program, Research Triangle Park, NC. 


Wehner; A. P., R. A. Renne, B. J. Greenspan, H. S. DeFord, H. A. Ragan, R. B, Westerberg, C. W. Wright, 
R. L Buschbom, G. T. Burger, A: W.. Hayes, C. R. E Coggins, and A. X Mosberg. 1990. Comparative 
subchronic inhalation bioassay in hamsters of a cigarette that only heats tobacco. Inhali Toxicol. 2:255-284. 

Gieschen. A. W;, B. J. Greenspan, R. B. Westerberg, T. J. Goehl, and J. H. Roycroft 1991. Generation, 
monitoring, and concentration verification of PPB concentrations of glutaraidehyde for inhalation i studies. 


WeigBl; R. Ji, M: 1L Clark; R. B. Westerberg, J. R; Decker, and T. J. Goehl. 1991. Use of a rotary evaporator 
system.to generate high purity vapors from reactive liquids for inhalation studies. The Toxicolonist l_i:l05 
(abstract). 

Mast, T. J., R: J. Weigel. R. B. Westerberg, B. A. Schweiz, and R. E. Morrissey. Evaluation s the potential 
for developmental toxicity In rats and mice following inhalation exposure to tetrahydrofuran. Fundam. AddI: 
IffidCflL (In press). 


Renne, R. A., A. P. Wehner, B. Ji Greenspan, H. S. DeFord, H. A, Ragan, R. B. Westerberg, R. L Buschbom,, 
G. T. Burger, A. W. Hayes, R. L Suber, and A. T. Mosberg. Two-week and thirteen-week inhalation studies 
of aerosolized glycerol ill rats. Inhal. Toxicol. (In press). 


Presentations 

Rogers, L B., A. T. Shepard, R. B. Westerberg. et al. 1976. New Studies in High Precision Gas Chromatog¬ 
raphy. Presented at the 27th Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy. 
1976. 

Kelman, B. J., D. L Springer; and R: B; Westerberg. 1983. Metabolic Distribution of Benzo(a)pyrene (BaP) 
In the Circulation of the Rodent.. Presented at the Society of Toxicoiogy Meeting, March 7-11, 1983, Las: 
Vegas, NV. 
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DRI, J. A, R. B. Westerberg, L A. PlngeJ, and W; C. Forsythe. 1988. Automated Determination of Formic 
Acid Vapors using Long Pathlength Infrared Spectroscopy. Presented at the 43rd American Chemical 
Society Northwest Regional I Meetings, June 29-July 1,1988, Spokane, WA 

Gleschen, A. W., R. J; Weigel; K. H. Stoney, and R, B. Westerberg. 1988. Determination of Chloroprene 
and Related Compounds in InhaihtiortiGhambers by Gas Chromatography. Presented at the 43rd American 
Chemical Society Northwest Regional Meetings,. June 29-July 1,1988; Spokane, WA. 


Greenspan, B. J., O. R. Moss, A. P. Wehner, R. A. Rertne, H. A Ragan, R. B. Westerberg, and C. W. Wright. 
1988. Inhalation Studies of Humectant Aerosols In Rats. Presented at the Society, of Toxicology Meeting, 
February 15-19,. 1908, Dallas, TX. 

Lee, Ri N., R. B. Westerberg. D. R. Baer, and Mi M. Engelhard. 1988: Application of Particle-Induced X-Ray 
Emission to Inhalation Toxicology Studies. Presented at the 43rdAmerican Chemical Society Northwest 
Regional Meetings; June 29-July 1,1988, Spokane, WA 

Renne, R. A„A P: Wehner, B. J. Greenspan,.R; B. Westerberg, et aJJ 1986. Subchronic Inhalation Study 
In Hamsters, Comparing Smoke from a< Cigarette Which Bums and One That Only Heats Tobacco. Pre¬ 
sented atthe Society of Toxicology Meeting, February 15-19,1988, Dallas, TX. 

Wehner,. A P;, R. A Renne, B; J. GreenspatvH. S. DeFord, H. A Ragan; Ri B. Westerberg, C. W. Wright, 
andiO. R. Moss. 1988. Subchronic Inhalation Study in Rats, Comparing Cigarette Emissions from Com¬ 
busted and Non-Com busted Tobacco. Presented at the Society of Toxicology Meeting;. February 15-19; 
1988; Dallas. DC 

Westerberg,, R. B.. J. R. Decker, and T. J. Goehll 1988. Analytical Chemistry Support of the National- 
Toxicology Inhalation Studies Performed at Battelle-NorthwesL Presented at the 43rd American Chemical 
Society Northwest Regional Meetings, June 29-July 1,1988, Spokane, WA 

Westerberg, R. B. 1989: Sensitivity of Monitoring Methods. Presented at the NTP Chemistry and Inhalation 
Workshop, January 17-19,1989,. Research Triangle Park, NC. 

Gleschen; A W., B. J1 Greenspan, R. B. Westerberg, T. Jl Goehl, and J: H. RoycrofL 1991. Generation, 
Monitoring, and Concentration Verification ofPPB Concentrations ofGlutaraldehyde for- Inhalation Studies. 
Presented at the 30th Annual Meeting of the Society of Toxicology, February 25-March 1,1991, Dallas, TX. 

Weigel, R; J.,. M. L Clark, R. B. Westerberg, J. R. Decker, and T. J. Goehl. 1991. Use of a Rotary Evap¬ 
orator System to Generate High Purity Vapors from Reactive Liquids for Inhalation Studies. Presented at 
the 30th Annual Meetingiof the Society of Toxicology. February 25-March 1,1991, Dallas, DC 


Patent 

Burton, F. G., R; E. Schlrmer, andIR. B. Westerberg. 1982. Positive End-of-Service-Life Indicators for 
Sorbents of Air-Purifying Respirators. 
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EARL W: MORGAN 


Staff Scientist, Inhalation Toxicology Technical Group, Toxicology Department, Battelle, Pacific Northwest 
Laboratories 

Eduicattonali Institutions Attended i 

Civilian: 

New Metdco State University 

University of Missouri-Golumbla 

University of Missouri-Columbia 
College of Veterinary Medicine 

University of Kansas Medical 

Military: 

School of Aerospace Medicine 
Brooks AFB, TX 

Academy of Health Sciences 
Fort Sam Houston; TX 
(correspondence): 1983-1984 

6227 US Army Reserve School 
Presidio of San Francisco, CA 

ResearchBackaround: 

Four years applied toxicology (GUP). 

Three years basic toxicology (Dissertation research on going): 

One year aerosol toxicology Including approximately 4 months post-doctoral training. 

Administrative Background ! 

Supervised 4-14 veterinary, technicians (Air Force and Marine). 

Supervised Mammalian'Section; Toxicology Branch: Letterman Army Institute Research. Section included: 

2 DVM’s, 1 PhD, and 5 BS level I Investigators and 6 animal caretakers. 

Owned and operated a private veterinary practice with two employees. 

Dr. Morgan served as chief of the Aerosol Biology Department Supervised 3 PhD investigators and 

3 technicians. Dr. Morgan: was responsible for both basic and applied research on effects, mechanism of 
action, and prevention or prophylaxis of toxins of biological origins through aerosol exposure. He provided 


Physics: 1969-1971 

BS. Animal Husbandry: 1971-1973 

DVM, Veterinary Medicine: 

1972-1976 

PhD Candidate (Toxicology): 1987 

Veterinary Officer Basic: 1976 

Army Medical Department Officers 
Advanced Course 

Command and General Staff'College 
(Seminar & Residence): 1984M987 
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consulting and aerosol exposure support to other investigators within the institute and U.S. Army Medical 
Research andi Development Command. 

Dr. Morgan performed 1 an abbreviated post-doctoral I training program Mi aerosol biology at the Batteile 
Pacific Northwest Laboratories, Richland, , WA (Sep-Nov 90) and University of Rochester, NY (Nov-Dee 90) 
under the direction of Dr. Bernard Greenspan and Dr. Gunter Obendorster, respectively prior to assuming 
my duties at USAMRIID. 


Description, of Previous Duties : 


PhD Candidate 


REDACTED 


Kansas University Medical i Center 

Department of Pharmacology, Toxicology, and Therapeutics 
Kansas City, KS 


Position Description : Graduate student in toxicology at' KUMG, see description of dissertation project 
attached to end. Plan to defend dissertation end I of current semester. 


Chief Mammalian Testing Section 
Division of> Toxicology 
Letterman Army Institute Research 
Presidio of SantFranclsco, CA 

Position Description: Served as Mammalian Testing Section Chief. Supervised 7 professionallnvestfgators 
and 6 animal!caretakers. Served as Investigator for toxicological studies conducted in compliance with the 
Food and Drug Administration (FDA) and the Environmental ProtectioniAgency (EPA)i Good Laboratory 
Practice Regulations. Prepared protocols. Standard Operating Procedures (SOP)i and reports in compliance 
with Good Laboratory Practice Regulations. Conducted classical acute, subchronic, and chronic applied 
toxicological studies to indude: LD^, dermal! and ocular irritation, dermal sensitivity, reproductive^ and 
teratology assays, 14, 28, and 180 day feeding studies, and a 2 year carcinogenicity bioassay as well as 
assisted with some Ames assays. Member of LAIR Animal 1 Use Committee. Veterinarian for Toxicology 
Group animals. 



redacted 

Principal Investigator 
Toxicology Section. 

■ ~ Division of Comparative Medicine 

Letterman Army Institute Research 
Presidio of San Francisco, CA 

Duf/as: Same as above except supervisory duties. 


Private Veterinary Practice 

Richland, MO and Oklahoma City, OK REDACTED 

Duties: Clinical Medicine. The practice at Richland, MO was a smaH town general 1 veterinarian practice. 
However, it was predominately large animal, beef cow/calf and dairy. The practice at Oklahoma City was 
a 24 hour emergency hospital. The practice was predominately companion animals. However, we also 
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EARL W. MORGAN! (continued): Page 3 

treated a number of< exotic petsas well as some largeanlmaJs. Approximately 20% of the practice was 
equine, medicine as the practice was co-owned and located with the Oklahoma Horse Shoeing School. 


Base Veterinarian: 
Columbus AFB, MS 

Duties: Clinksal Medicine, 


. REDACTED 

Preventative Medicine and Food Hygiene. 


Chief Veterinary Service 
Camp Pendleton MCB, CA 


REDACTED 


Duties : Clinical Medicine; Preventative Medicine and Food:Hygiene for three major Marine Corps Bases 

in southern California. 


Base Veterinarian ED 

Kunsan AFB, Korea 

Duties: Clinical I Medicine; Preventative Medicine and! Food Hygiene for southwest Korea; area included two< 
Air Force Bases and four Army sites. 


REDACTED 



REDACTED 


Honors andi Esitowshlps Received : 

National Science Foundation:Scholar in Physics, Asbury Collage -1967 
Deans List - New Mexico State University and University of Missouri-Cdumbla' 
American Animal l Science Society Scholarship Award -1971 
Air Force Health Professions Scholarship Program 
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Distinguished Graduate, Veterinary Officer Basic 

AVMA Outstanding Student Award! Veterinary Officer Basic 

Honor Graduate, Command and General Staff School 

Expert Marksman 

Air. Force Commendation Medal 

Army Commendation Medal 


Special! Appointments : 

Hazardous Waste Disposal Officer white assigned at LAIR. 
References: 


Dr. Andrew Parkinson 

Department of Pharmacology, Toxicology and Therapeutics 
Kansas University Medical Center 
Kansas City, Kansas 66103 


Col. David R. Franz 

Chief, Pathophysiology Division 

U.S. Army Institute of Infectious Diseases 

Ft Detrick, Maryland 21702-5011 


Dr. Richard' C. Dorn 
College of Veterinary Medicine 
Ohio State University 
Columbus. Ohio 


Publications: 

Papers: 

Morgan E.W., Ho B., Brown LD., Lewis C.M., TMotson JA, Lollinl LO., and Korte D.W. Jr.: 
Metabolism and Subchronk: Toxicity of Nitroguanidlne In the Rat. In: Proceedings of the Safety 
and Environmental Protection Subcommittee of the Joint Army-Navy-NASA-Air Force 
Interagency Propulsion Committee. Laurel; MDt Chemical Propulsion Information Agency, 
1965. Note paper presented Nov 1965. 

Hiatt G. F. S.„ MOrganiE. W., Brown L D., Lewis C. M., Johnson Y. C., Mullen L, Bauserman J. W:, 
OkertMirg C. V.„ Lollinl LO 1 ., and Korte D. W. Jr.: Acute Toxicity of Guanidine Nitrate and 
Nltroguanldine. In; Proceedings of the Safety and Environmental Protection Subcommittee of 
the Joint Army-Navy-NASA-Air Force Interagency Propulsion Committee. Laurel, MD: Chemical 
Propulsion i Information Agency, 1985. Note paper presented Nov 1985. 
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Brown.L.D., Hiatt G.F.S., Morgan E.W.,. Wheeler C.R., Lewis C.M., Johnson Y.C., Ryablk JiR.G.,, 
Okerburg G.V., Makovec 6X, Lolllnl LO., Mellick P.W., .and'Korte D.W. Jr.: Acute Toxicity 
of TEGDN and TMETN Liquid Propellents. In: Proceedings of the Safety and Environmental I 
Protection Subcommittee of the Joint Army-Navy-NASA-Air Force Interagency Propulsion 
Committee. Laureli MD: Chemical Propulsion Information. Agency, 1985. Note paper 
presented Nov 1985. 

Morgan E.W., Greenway D.,, and Parkinson A.: Purification of. Two Rat liver Microsomal 
Carboxyiesterases (Hydrolase A and B) With High Activity Towards Para-nitrophenyiacetate. Archives 
of Biochemistry and Biophysics (paper submitted): 

Morgan:E.W.„Greenway D., Wood G., and ParkinsoniA.: Regulation of Tiwo Rat liver 

Microsomal CarboxylestsrasBs (Hydrolase A and B). Archives of Biochemistry and Biophysics 
(paper submitted): 

Morgan E.W. and Parkinson A.: Interindividual Variation and Tissue Distribution of 
Microsomal Carboxytesterase Activity In Humans. (In preparation): 


Technical Reports : 

11 Morgan E.W., Sano S.K., and Korte D.W: Jr.: Acute Oral Toxicity (LDgg) of Guanidine Hydrochloride 
in Male and Female Rats. Letterman Army Institute of Research (LAIR), Presidio of San Francisco, 
California Report No.204. 

2. Mullen L, Morgan E.W., Lewis C.M., Wheeler C.R., and Korte D.W, Jr.: Acute Oral Toxicity of 
Guanidine Nitrate In Male and Female Rats. LAIR Report No. 267. 

3: Hiatt. G.F.S., Morgan E.W., and Korte D.W. Jr.: Demral Sensitization of Guanidine Hydrochloride in 
Guinea Pigs. LAIR Report No. 210. 

4. Morgan E.W., Bauserman J.W., and Korte D.W. Jr.: Primary Eye irritation of Guanidine Nitrate in Male 
Rabbits. LAIR Report No. 212. 

5. Morgan E.W., Hiatt G:F.S., andKorte D.W. Jr.: Acute Oral Toxicity (LD^ of Guanidine Hydrochloride 
in Male and Female Mice. LAIR Report No 418. 

6. Morgan E.W., Hiatt G.F.S., Lewis C.M., and Korte D.W. Jr.: Acute Oral Toxicity (LD^ of: (E)-1.2,3,4- 
Tetnahydro-6-Methyl-1 -2-(2-Methyf-1 -Oxo-2^6utenyf) Quinoline (CHR5) in Male and Female Rats. LAIR 
Report No. 217. 

7. Morgan E.W.,, Mullen L, and Korte D.W. Jr.: Primary Dermal Irritation> Potential of Guanidine 
Hydrochloride In Male and Female Rabbits. LAIR Report No. 213. 

8. Morgan.E.W., Sano S.K., and Korte D:W. Jr.: Primary Dermal Irrttation Potentia! of Nitroguanidine in 
Male and Female Rabbits. LAIR Report 

9. Hiatt G.F.S., Morgan E.W., and Korte D.W: Jr.: Dermal Sensitization Potential of Guanidine Nitrate 
in Guinea Pigs. LAIR Report No: 282. 

10. SanoS.K., Morgan EW.,, and Korte D.W. Jr.: Mutagenic Potential of Hydtoxylamine Hydrochloride 
(TP046). LAIR Report. 
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ill Sano SiK, Morgan E.W., and Korte DiW. Jr,: Mutagenic Potential of Ballpowder*. LAIR Report No. 
297. 

1:2. Sano S.K., Morgan EW., andlKorte D.W. Jr.: Mutagenic Potential of Nltroguanidine (TP036). LAIR 
Report 

13. Morgan EW., and Korte D.W. Jr.: Primary dermal Irritation Potential of Trimethylolethane Trinitrate 
(TMETN): in; Rabbits. LAIR Report. 

14. Morgan E.W., Hiatt G.F.S., and Korte D.W. Jr:: Dermal Sensitization Potential of Nitroguanldine in 
Guinea Pigs. LAIR Report No. 263. 

15. Morgan EW. and Korte D.W. Jr.: Acute Oral Toxicity of Ballpowder* In Sprague Dawley Rats. LAIR 
Report No 350. 

16. Morgan E.W., Hiatt'G.F.S., and Korte D.W. Jr.: Primary Eye Irritation Potential of Ballpowder* in Male 
Rabbits. LAIR Report No. 352. 

17. Morgan EW., Ryablk J.R.G., and Korte D.W. Jr.: Dermal Sensitization of Ballpowder* (Olin WC 844). 
LAIR Report 

18. Morgan E.W., Ryablk J.R.G., and Korte D:W. Jr.:: Acute Oral Toxicity (LD^j): of Triethyleneglycol' 
Dinltrate (TEGDN). LAIR Report 

19. Morgan EW., Brown iLD., Lewis C.M., Dahlgren R.R., end Korte D.W. Jr.: Fourteen-Day Subchronic 
Oral Toxicity Study of Nitroguanidihe In Rats. LAIR Report NO. 272. 

2D. Morgan EW Hiatt G:F.S„ and Korte D:W. Jr.: Primary Dermal and Ocular Irritation Potential of 3- 
Chloro-4, 4-Dimethyl-2-Oxazolidlone (Compound I). LAIR Report 

21. Morgan E.W.. and Korte D.W., Jr.: Primary Dermal Irritation Potential of Nitrosoguanidine in Female 
Rabbits. LAIR Report No. 356. 

22.. Morgan E.W., Justus J;D., and Korte D.W; Jr.: Acute DermalTmdcity of Nitrosoguanidine in Rabbits. 
LAIR Report NO. 355. 

23. Morgan; E.W., Justus, J.D., and Korte D.W. Jr.: Primary Dermal Irritationi Potential of JA- Solid 
Propellant in Rabbits. LAIR Report No. 413. 

24. MorganEW. and KortB D.W. Jr.: AcuteDermal Toxicity (MLD) of Triethyleneglycol Dinltrate (TEGDN). 

LAIR Report N6j 342.. 


25. MorgarvE.W. and Korte D.W. Jr.: Acute Dermal Toxicity of Trimethylolethane Trinitrate (TMETN). In 
Rabbits. LAIR Report No 347. 

26. Morgan E.W., Frost D:F. Wheeler C.R., and Korte D.W. Jr.: Acute Oral Toxicity, of JAj Solid Propellant 
in ICR Mice. LAIR Report No. 414: 

27. Morgan EW., Brogdftn J.D., and Korte D.W. Jr.: Primary Eye irritation Potential lof JA~ Solid Propellant 
In Rabbits. LAIR:Report No. 415. 
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28. Morgan E.W. and Korte D.W. Jr.: Acute Oral Toxicity of Nitrosoguanidine In SpraguB Dawiey Rats. 
LAIR Report No. 354. 

29. Morgan E.W., Wheeler C,R. and Korte D.W. Jr.: Acute Oral Toxicity of Nitrosoguanidine In IGR Mice. 
LAIR Report No. 354. 

30: Morgan E.W.. Justus J.D., Frost D.F., and Korte D.W. Jr.: Dermal Sensitization Potential of 
Nitrosoguanidine in Guinea Pigs. LAIR Report No. 357. 

31. Morgan E.W., Pearce MiJ., Zaucha GtM., Lewis CM., Makovec G.T., and Korte D:WJ Jr.: Ninety- 
Day Subchronic Oral Toxicity Study of NitroguankJine in Rats: LAIR Report No. 306. 

32. Magnuson D.K., Morgan E.W., and Korte D.W. Jr.: Primary Dermal! Irritation Potential of 
Physostigmine Salicylate. LAIR Report No. 331. 

33. Frost D.F., Morgan E.W., Letellier Y.Q, Pearce M.J., Fenraris S, SmithiCD., Zaucha G.Mi, and 
Korte D.W. Jr.: NInetyrDay Subchronic OralfToxIcIty Study of NitroguankJine In Mice. LAIR Report No. 
319. 

34. Morgan EW., Zaucha G.M., Waring P.P., Letellier Y.G., SeewakJ J.B., Clifford C.B., and Korte D.W. 

Jr.: Ninety-Day Subchronic Oral Toxicity Study of Pyridostigmine Bromide in Rats. LAIR Report 
No. 435j 

35. Morgan EW., Zaucha G.M., Waring P.P., Letellier Y.C., SeewakJ J.B., Clifford C.B., and Korte D.W. 

Jr.: One Hundred Eighty Day Slibchronic Oral Toxicity Study of Pyridostigmine Bromide ImRats. 

LAIR Report No. 4411 

36. Morgan E.W., Zaucha G.M., Bowman P:, Schuschereba SX, Waring P.P., Letellier Y.C., Seewald 
J.B., and Korte D.W. Jr,: Ninety-Day Subchronic Oral Toxicity Study of Pyridostigmine Bromide 
in Rats - Electron Microscopy Study ofi Neuromusculari Junctions. LAIR Report No. 436. 


Abstracts: 

1. Morgan E.W:, Wood G. f Greenway D.J., and Parkinson A.: Developmental Changes in the Levels of 
a Rat Liver Microsomal Carboxyesterase (Hydrolase A). The Toxicologist 1989;9;39. Note paper 
presented 28 Feb 89. 

2. Lewis CiM. r Morgan EW., Brown LD., Pearce M.J. t Zaucha G.M., Mfckovec G.T., and Korte D*W: Jr.: 
90-Day Oral Subchronic Toxicity of Ntaroguanidine In Rats. The Toxicologist 1989;9:425. Note poster 
presented 28 Feb 89. 

3. Morgan EW. and Parkinson A.:: Comparison erf the tissue distribution of two isozymes ofi rat liver 
microsomal carboxyesterase (hydrolases A and B). The Toxicologist 1990,10:127. Note paper 
presented 14 Feb 90. 

41 Yan B, Morgan E.W., and Parkinson A.: Immunocytochemical localization of two carboxyesterases 
(hydrolases A andi B) In rat liver, testis, and kidney. The Toxicologist 1990;1O:323. Note poster 
presented 18 Feb 90. 
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5.. Parkinson A., Morgan E.W., and Yan B ; : Purification and characterization of two rat liver microsomal 
carboxyesterases: studies on their regulation and tissue distribution In: Proceedings of i the Eighth 
International Symposium on Miorosomes and Drug Oxidations. Karoiinska Institute, Stockholm) 
Sweden, 1990: Note presented Jun 90. 

6. Yan B, Morgan E.W., Parkinson A.: Esterase activity in human liver, kidney., and testis. The 
Toxicologist 1991;11:228. Note poster presentation 2B Feb 90. 
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NAZLI EGILMEZ-REYNOLDS 


Senior Research Scientist, Aerosol and Inhalation Research, Toxicology Department, Batteiie, Pacific 
Northwest Laboratories 

PNjD Chemistry (1980*1983), School of Science and Engineering, University of Essex, England. 
MiSc Chemistry (1978-1980), Schod of Science and Engineering, University of Essex, England. 
BlSc Chemical Engineering (1974-1978),, Aegean University, Turkey. 

CAREER! HISTORY AND ACCOMPLISHMENTS 

*Uhiversity of Louisville; Chemistry Department (August 1988 - May 1991) 


Visiting Assistant Professor 

Full-time instructor of General Chemistry (100 and 200 level) lectures and laboratories. 

• Taught' introductory chemistry course to a mixture of students (majors and non-majors) for 
seven consecutive semesters, totalling some 1250 students in thirteen sections. Used instruc¬ 
tional I aids frequently. 

• Organised and supervised 100 and 200 level laboratory courses on General Chemistry as the 
Senior Instructor. Supervised a total of 16 teaching assistants from six different countries. 

• Taught Introductory Analytical Chemistry course with lecture and laboratory. 

• Formed dose contacts with the students, providing necessary counseling and additional help 
In the form ofistudy sessions outside office hours (see the letter from the Board of Trustees 
and the stud wit evaluations enclosed) i 

• Prepared a graduate level) course on Aerosol:Science and Technology upon an invitatiomby 
the Chemical!Engineering! Departmenti of Speed School of U of L 

• *Setf-emplbyed Aerosol Scientist (July 1987 - Present) 


Scientific Consultant on Aerosol Science and Technology/Tobacco Smoke 

AdYisor on the formation, measurement, filtration and behavior, of Aerosol Systems and their interaction with, 
humans and the environment Tho following (companies have been dients: 

• British-American Tobacco Co., Hamburg, Germany (BAT Cigaretten Fabriken Gmb) 

• Brown and Williamson Tobacco Co., Louisville. USA. 

• CA Blockers, Inc., Louisville, USA. 

*BritishAmerican Tobacco UK & Export Ltd., Southampton, England (1983-1987) 
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Research Scientist - Product Research Section 

Responsible for the Aerosol Laboratory; Chief Aerosol Scientist for the BAT Group worldwide. 

• Developed and executed work programs on aerosol generation and behavior inside the 
cigarette, fitters, human upper airways and environmental rooms. 

• Provided an expert advisory service to complement the needs of> other BAT Research Centers 
and R&D Sectlons. 

• Coordinated research with associated i laboratories In LouisvWe (USA), Hamburg (Germany) 
and Montreal! (Canada). 

• identified land devised instrumentation and datalogging facBities; organized, conducted and 
Interpreted experimental studies and communicated!the results and implications throughout 
BAT by writing reports and gh/ingiverbal presentations. 

• Developed synthetic smoke generation techniques and used mode) aerosols to investigate the 
relation between smoke taste and its aerosol characteristics. 

• Produced guidelines and provided advice on the design: of new products. Worked on the 
concept of alternative products and designed two: hand-held delivery systems. 

• Used specialized aerosoiequlpmentby TSI, PMS, and ROYCO, .interfaced with Apple and IBM 
PCs, In the generation andicounting of particles. 

"University of Essex, Colchester, England! (1980-1383) 


Research Assistant, Department of Chemistry. 

Reported to the Director: of the Aerosol tab., Prof. C.N. Davies. 

• Dovelopodand characterized a synthetic aerosol generator of CaCO, Inna no meter particle 
radius. 

• Performed coagulation experiments using monod is perse and polydisperse aerosols at varying 
particle sizes and concentrations, demonstrating the targe discrepancy between theory and 
experiments. 

• Developed a new theory of aerosoticoagulatfon for. submicron aerosol particles in the light of< 
experimental results. 

• Evaluated the losses In a Nollan-Pollack Counter and demonstrated the validity of its calibra¬ 
tion. 

• Reviewed papers as a referee for the Joum^ of AerosoL Science. 
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AWARDS 

• Research Assistantshlp (1960-1983) offeredby the SERC of Britain 

• British Cound'Award (1979-1960) 

• Fulbright Scholarship (1978) 


REDACTS) 


PUBLICATIONS 

EgOmez, N. and Davies, C.N. (1966) ‘Aerosols: Formation and Reactivity*, Chapter! 6, Pergamon Press, 
London, 453. 

Davies, C.N. and EgOmez. Ni (1986) *Notan-Poilack Condensation Nucleus Counter*, Letter to the Editor,, 
Aerosol Science and Technology, 5,117. 

Davies, C.N. and Egiimaz, N. (1984) ‘An Investigation into the Loss of. Particles by Diffusion in the Nolan- 
Pollack CNC, JOumal of Aerosol: Science, 15,177-181. 

EgOmez, N. and Davies, C.N1 (1982) ’Coagulation of Fine Aerosol*, Proceedings of Royal Society of London, 
A 380, 99: 

Egiltnaz, N. and Davies, C.N. (1981) 'Coagulation of Fine Aerosols*; Journal of. Aerosol Science, 12, 184. 

RAT REPORTS (1683-1987; restricted for open publication): 

• Review of Studies oniCIgarette Smoke Aerosol Formation 

• Generation of Two-Component, Relatively Mooodlsperse Aerosols 

• Evaluation of a Patented Noncombustible Cigarette 

• Aerosol Partide Formation During the Heating of Tobacco 

• Joint Aerosol Studies in Chemosensory Research 

• Ambient Smoke Aerosol Characterization 

• Smoke Aerosol Characterization of Some Slim and Low-tar Cigarettes from the U.S. Market 

• Development and Calibration: of a Synthetic Aerosol Generator 
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• A Preliminary Study of Aerosol Characteristics Inside a Glass Model! of the Human Upper 
Airways 

• Aerosol I Characterization of Smoke From Cigarettes Tipped With Extreme Design Filters 

• Sensory Perception Assessment of Synthetic Aerosols 


PRESENTATIONS 

SECOND INTERNATIONAL AEROSOL CONFERENCE, West Berlin, Germany, September 22-26,1986; The 
Coagulation of Fine Aerosols'. 

EUROMEC COLLOQUIUM, University of Cambridge, Cambridge, England, April 1985; 'Coagulation of Fine 
Aerosols Alone and When Mixed With a Coarse Aerosol*. 

EUROMEC COLLOQUIUM, UniversIty College, London, England, September 1982; 'Coagulation of Aerosois- 
a Discussion of the Various Regimes of Coagulation andlTheir Experimental Basis'. 

INTERNATIONAL AEROSOLCONFERENCE, Schmallenberg* Germany, September20-24,1980; 'Coagulation 
of Submicron Aerosols*. 
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JOHN Y. YOUNG 


Health and Safety Officer, Inhalation Toxicology Technical: Group, Toxicology Department, Batteile, Pacific 
Northwest Laboratories 


Education: 

University of Washington. Seattle. WA 

1980 Master of Science In Public Health: (Industrial Hygiene) 

Thesis Tide: Personnel Exposure to Methylmethacrylate in Operating Theaters 
1971 Bachelor of Science (Preventive Medicine) 

Certifi cations : 

Diplomats, American Academy of Industrial Hygiene - Certified In the Comprehensive Practice of 
Industrial Hygiene 

Diplomate, American Academy of Sanitarians 

Registered Sanitarian - National Environmental Health'Association: 

Registered Sanitarian - Board for Registration of Sanitarians In.Pennsylvania 


Summary of: Experience: 

Mr. Young has planned and Implemented! industrial! hygiene and environmental protection program for 
conduct: of animal studies Involving toxic and potentially carcinogenic chemicals. He has twenty years of> 
mBitary service as a U.S. Army environmental science officer specializing in industrial hygiene, with 
experience In Industrial hygiene research and consulting, rural sanitation projects and training, military 
installation environmental compliance, and health surveillance activities. Extensive experience in the past 
six years in conducting toxic hazard research and In administering an occupational health research program 
for the U.S. Army. 



U.S. Army Biomedical Research and Development Laboratory, Fort Detrick. MP 1 
1990-1992: CHIEF, OCCUPATIONAL HEALTH RESEARCH BRANCH 

• Managed a research branch of an Army research and development laboratory, responsible for 
planning research projects and programming resources and budget for both In-house and 
extramural I occupational health research. 

• Supervised.9 research scientists Involved Inmedical research. to study the health effects of 
military-unique chemical hazards, to conduct exposure assessment! studies on soldiers' 
exposures to smoke and weapons combustion products, and to develop Innovative techniques 
for mRkary field water and sanitation. 
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• Interacted extensively with Army medical units and! major Army system: and material 
developers, and served as a consultant to these organizations on industrial hygiene related 
matters, and' 

• Served as a Source: Selection Board member Involved hr the evaluation: and selection of 
contractors for Army system and!material development programs. 

1986-11990: ENVIRONMENTAL SCIENCE OFFICER/INDUSTRIAL HYGIENIST 

• Managed and conducted both in-house and extramural occupational health research projects, 
served as a research team leader, and sollclted/coordlnated field support; 


• to evaluate soldiers’ exposure to: 

- weapons combustion products Inside armored [vehicles 

- deliberately-generated smoke in military field training 

- rocket and missile launch combustion products 

• to characterize: 

- physical/chemical I compositions of propellant combustion products 

- particle size distribution of experimental obscuration smoke 

- dispersion modeling of obscuration smoke, 

• to develop data base on: 

- medical criteria for military respiratory protection 

- training scenarios involving the use of: obscuration smoke 

• Provided! consultation services to lil.S. Army Missile Command on>toxic hazards associated 
with major weapon design and procurement This Involved defining: industrial hygiene air 
sampling procedures during prototype weapon testing,, reviewing contractor’s design 
proposals, and! establishing acceptability criteria regarding occupational health protection 
issues; 


• Maintained equipment calibration, plannedequipment requirements for future industrial hygiene 

research, prepared various research protocols and developed quality control procedures to 
improve this laboratory’s occupational health research:program. 


7th Infantry Division fUahtL Fort Ord. CA 

1984-1986: COMMANDER, 1720 MEDICAL DETACHMENT 

• Commanded a preventive medicine detachment of 11 personnel. Duties included 
administrative personnellactions, combat-readiness training, and ; professional development of 
assigned personnel. 

• Supported the 7th Infantry Division regularly on field training maneuvers to monitor and 
improve sanitary conditions of field water supplies, food services, and bivouac areas. Also 
supported the 7th Infantry Division to process units being deployed overseas. 
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• Provided a monthly 14veek training, course on field sanitation to assigned units in the 7th 
Infantry Division, and to other active and reserve military units in the Montereyarea; 


U.S. Army Pacific Environmental Health Engineering Aaencv. U.S. Army In Japan 
1980-1884: CHIEF, INDUSTRIAL HYGIENE DIVISION 

• Performed administrative functions of a small industrial hygiene division and supervised 2 
industrial hygienists and one industrial hygiene technician. 

• Planned and programmed resources to Implement an industrial hygiene surveillance/support' 
program for Army Installations in Japan, Korea, Kwajelein Islands, and Hawaii. Also served 
the Department of. Defense, U.S. Air Forces, U.S. Navy, and U1S. Coast Guard as needed in 
Japan, Korea, Quam, Yap, and the Philippines. 

• Conducted comprehensive Industrial hygiene surveys and hearing conservation surveys on iall 
supported installations by following a schedule of at least one visit every 2 years. 

• Received requests and conducted industrial hygiene special studies on specific health hazards 
such as asbestos, benzene, mercury, lead, carbon monoxide, pentachlorophenol, 
polychlorinated biphenyls, hexachloroethane, and noise: 

• Established a laboratory to identify bulk asbestos samples using the polarized light microscopy 
technique: 


Letterman Army Medicali Center. Presidio of San Francisco. CA 
1974-1978: ENVIRONMENTAL SANITARIAN 

• Supervised up to 18 environmental health technicians and reported to a preventive medicine 
physiciaa 

• Provided the fuii spectrum of environmental health surveillance andi support In the Army and 
Department' of Defense facilities In Northern California. Support' services included drinking 
water supply surveillance; air pollution source monitoring; sanitary Inspection ofi food 
service/lce-making facilities; barber/beauty shops; child care facilities; detentionaliceiis; solid 
waste disposal planning; hospital Infection control; operating room dean air monitoring; 
routine industrial hygiene support; pesticide monitoring; and health status documentation and 
reporting. 


1st' Sbeclai Forces Group. U,S. Army In Okinawa 
1973-1974: PUBLIC HEALTH TEAM LEADER, CIVIL AFFAIRS 

• Planned special forces dvfl affairs sanitation projects. 

• Visited (remote villages In the Philippines to provide classroom Instructions to local doctors, 
nurses, sanitarians, and school teachers on-sanitation and disease prevention. 


cVsjyy 
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JOHN Y. YOUNG (continued) 


Page 4 


• Constructed water catchment tanks to protect village water supplies. 

• Constructed and Installed 1 water-sealed toilet facl (ties to provide a sanitary means for human 
fecal disposal. 


Academy of Health Sciences. UiS. Army, Fort Sam Houston. TX 
1972-1973: PREVENTIVE MEDICINE INSTRUCTOR 

• Served ias an Instructor and advisor for students attending the Army Preventive Mfedlcine Basic 
(91S10) Course. 

• Prepared lesson plans for the 9TS10 and the Advanced (91S20) courses. 

• Provided i classroom support when not involved in class Instruction. 


RECENT PUBLICATIONS: 

Technical Reports : 

Young, J.Y., DA Smart, J.T. Allen, D.L Parmer, ALB. Rosencrance, E.E. Brueggemann, and F.H. Broski. 
September 1989. Field exposure of chemical school students and cadre to fog ol and 
hexachloroethane (HC) smokes. U.S. Army Biomedical i Research and Development Laboratory 
Technical Report 8908, Defense Technical Information Center Publication No. AD A225008. 

Eaton; J.E and J.Y. Young. January 1989. Medical criteria for respiratory protection In smoke: the 
effectiveness of the military, protective mask. UiS. Army Biomedical Research and ' Development 
Laboratory Technical Report 8902. Defense Technical Information! Center Publication No. AD 
A2Q4303: 


Smart, DA, D.L Parmer, J.Y. Young, W.G. Palmer. In press. The relationship between doctrine for Army 

tactical smoke use and exposure potential: priorities for conducting smoke exposure assessment studies. 

U.S. Army Biomedical Research and Development Laboratory Technical Report'9115. 

Proceedings : 

Young, J.Y., DA Smart, D.L Parmer, J.T. Allen, and S.H. Hoke. April 198a Measurement of field: exposure 
to fog ol and I hexachloroethane smokes. In Proceedings of the smoke/obscurants symposium XII. 
ed. W.M. Farmer and W. Wlmet Aberdeen Proving Ground, MD: Office of the Program .Manager for 
Smoke/Obscurants, 

Young, J.Y. September 1988. Exposure assessment related to smoke/obscurants. In Proceedings of the 
tri-service pulmonary research review and analysis In Denver. Colorado. Fort Detrick, MD: UiS. Army, 
Medical Research and Development'Command. 

Young,. J.Y. September 1988. Evaluation of breathing-zone exposure to AAWS-M exhaust combustion 
products: In Proceedings of the tri-service pulmonary research; review andi analysis In Denver. 
Colorado. Fort Detrick, MD: U.S. Army Medical Research and Development Command. 
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COST ELEMENT INFORMATION 


DIRECT LABOR 

Direct labor costs are based on average charge-out rates for 
specific job categories. 

LABOR OVERHEAD 

Building and Utilities 

The estimated rates per direct labor hour for FY 1993 through' FY 
1997 are $6.85, $6.90, $7.40, $7.20', and $7.30, respectively. 
Building and Utilities are costs for occupying U.s; Department of 
Energy (DOE) or Battelle facilities. Typical costs include 
utilities, building operations, janitors, maintenance, insurance, 
and taxes. The rates have been approved in our Indirect Cost 
Rate Agreement with the Department of Energy. 

figganigational' -Qyo_r.fre.33 

Organizational Overhead for technical organizations represents 
costs for management, supervision, and administration of 
technical departments. Organizational Overhead also includes 
costs for research equipment such as small tools, lab supplies, 
laundry, decontamination/waste disposal, maintenance, and 
expenses associated with Battelle owned equipment with an initial 
cost less than $50,000. Also included is a factor for 
reimbursement to the Government for use of DOE owned equipment 
with an initial cost less than $50,000 for work performed' under 
Contract DE!-AC06-7 6RI.O-1831. 

Organizational Overhead for non-technical organizations 
represents costs for department management and support. These 
costs are accumulated in an intermediate: cost pool and are 
allocated to cost objectives at a predetermined rate per direct 
labor hour. 

TMSSk' 

Airfare rates have been estimated utilizing quotes from local 
trayel agencies. Subsistence costs (meals and, lodging) have been 
estimated using per diem rates published in the Federal Travel 
Regulations. Travel costs have been escalated at an annual rate 
of 5.0 percent. 

OTHER DIRECT COSTS ' 

BNW Procurement Services . 

Procurement Service Charge includes costs for procuring and 
receiving purchased items. For estimating, purposes, an average 
service charge of 10% has been: applied to materials (plus 
escalation). 

Actual Procurement service charges are as follows: 


Source: https://www.industrydocuments.ui_s/xsImOOOO 
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Purchase Order Amount 
$100 and under 
Next $4,900 
All Over $5,000 


Subcontracts & Consulting Services 

Subcontracts and Consulting service charge includes- costs for 
placing! and administering subcontracts and consultants. 
Subcontracts & Consulting service charges, are estimated on' the 
following basis: 8.0 percent of the total cost per subcontract 
up to a> maximum of $25,000 per fiscal year. 

Other Direct costs: 

The cost of certain centralized services such as duplicating, 
technical information, computer usage, etc., are accumulated in 
an intermediate cost pool and are allocated based on the actual 
usage of the services provided by each center. 

Special Purpose Equipment 

Battelle-Owned Equipment 

Costs associated with major items/systems of Battelle-owned 
equipment (in excess of $50,000 initial cost) are accumulated in 
ait' intermediate cost pool and 1 allocated at a predetermined usage 
rate for each item. 

Government-Owned Equipment 

The estimated cost of Government-owned equipment usage is basedi 
on reimbursement rates established by contractual agreement 
between BNIff 1 and the Department of Energy. (Contract No. DE-AC06- 
76RLO-1831) 

Cost of Facilities capital (CAS 414) 

The current estimated rates are $.87 per direct labor hour for 
personnel located' in Battelle buildings, and $.30 per direct 
labor hour for personnel located in Department of Ehergy (DOE) 
buildings. The rates have been approved in our Indirect Cost 
Rate Agreement with, the Department of Energy. 

STORES OVERHEAD 

The estimated cost for stores overhead is based upon a 
Westinghouse Hanford Company rate of 15.2 percent of store items. 

GENERAL AND ADMINISTRATIVE EXPENSE 

G&A includes general functions such as Accounting, Legal, and 
Personnel department costs, and costs for bid and proposal, 
selling!, IR&D, contract administration, etc. G&A is allocated at 
the estimated rate of 45.0 percent of value added to final cost 
objectives. 

ANIMAL RESOURCE CENTER 

The Animal Resource Center (ARC) is a service: center within the 
Toxicology Department. The ARC is responsible for routine animal 


Charge 

$50 

10 % 

5% (maximum of $5,290) 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 
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care, animal health' and management of experimental animals. The 
costs associated with this activity are accumulated in an 
intermediate cost pool and allocated to co6t objectives, at 
predetermined rates by the type of housing provided. 

These rates incorporate costs for basic animal care, including 
costs associated with basic animal health, food, materials and 
equipment depreciation and maintenance cost. Basic animal care 
consists of the labor for all routine animal care; feeding and 
watering the animals; cleaning the rooms housing the animals, 
hallways, and: cages; and supervision of the technicians and' 
management of the Animal Resource Center. Basic health care of 
the animals is defined as routine monitoring of sanitation, water 
quality, feed and bedding, clinical observation for infectious 
disease and the initial health screening. Costs' associated! with 
activities above the basic level of animal', care service (such' as 
non-stock cage board), are treated as direct costs. 

OVERTIME POLICY 

The responsibilities of exempt staff members cannot always be met 
within regular, work schedules, and extra time and effort is taken 
into consideration in determining base salary ranges for all 
positions as well as in the extra vacation' allowance for exempt 
staff. However, when scheduled work time requirements beyondi 40 
hours per week are regular, consistent, and clearly in excess of 
that reasonably expected for the position, overtime payments for 
exempt staff members will be considered. Nonexempt staff members 
will receive overtime and premium pay for their overtime work. 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 
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COST SUMMARY 
BASE STUDY 
20643 


1. DIRECT LABOR 

RESEARCH SDENTISTS/ENGINEERS 
TECHNICAL SPECIALIST 

ADMINISTRATIVE PROF, 

TECHNICIANS 

CRAFTS 

CLERICAL/SECRETARIAL 

TOTAL 

$1,,7641977 
$1,461,200 
$39,280 
$707,947 
$127,272 
$90,335 

PHASE 1 

$317,494 

$187,714 

$2,577 

$66,036 

$86,203 

$12,426 

CHRONIC YEARS 

$11447.483 

$11273,495 

$36,712 

$641,911 

$41,069 

$77,909 

TOTAL DIRECT LABOR 

$4,191,029 

$672,450 

$3,516,579 

BUILDING AND UTILITIES 

ORGANIZATIONAL OVERHEAD 

TOTAL LABOR OVERHEAD 

$720,557 

$2,258,722 

$2,979,239 

$140,294 

$371,677 

$511,971i 

$580,223! 

$1,887,045 

$2,467,268 

TRANSPORTATION 

SUBSISTENCE 

$14,950 

$3,841 

$4,385 

$1,126 

$10,574 

$2,715 

TOTAL TRAVEL 

$18,800 

$5,511 

$13,289 

4. OTHERIDIRECT COSTS 

NON LABOR DIRECT COSTS 

$2;649,093 

$254,083 

$2,395,010 

5. VALUE ADDED 

$9,638,161 

$1,444,015 

$8,394,146 

6. OTHER INDIRECT COSTS 

CAS 414 

$82,682 

$15,104 

$67,578 

TOTAL OTHER INDIR' COSTi 

$82,682 

$15,104 

$67,578 


ZLQfBS a mate rials 


MISCELLANEOUS MATERIALS 

$606£29 

$157,820 

$448,409 

CAPITAL EQUIPMENT 

$536j969 

$539,969 

$0 

SUBCONT./CONSULTING & OHC 

$47,300 

$5,700 

$41i800 

TOTAL DIRECT MATERIALS 

$1,193,498 

$703489 

$490,009' 

ft GENERAL ft ARM1N,-EXPENS£ 

$4,427,174' 

$649,807 

$3,777,367 

g, StfSTQTAi 

$15,541,515 

$2,812,415 

$12,729,100 

tt-FEE 

$1,545,886 

$279,731 

$1,266,155 

11. TOTAL COST 

$17,087,401 

$3,092,146 

$13,995,255 


Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 
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COST SUMMARY 
CHRONIC YEARS 
20643 


cl- Co\Ar^t 



TOTAL 

CHRONIC YEAR1 


iAR2 

CHRONIC YEAR4 

1 DIRECT LABOR 






RESEARCH SCIENTISTS/ENGINEERS 

$1,447,483 

$497,079 

* 

43 

$93,837 

TECHNICAL SPECIALIST 

$1,273,495 

$454,717 

$475,924 

$331,331 

$11,523 

ADMINISTRATIVE PROF. 

$36,712 

$9,275 

$10,687 

$11,728 

$5,022 

TECHNICIANS 

$641,911 

$287,054 

$306,827 

$41,213 

$4,817 

CRAFTS 

$41,069 

$14,902 

$19,167 

$6,947 

$53 

CLERIGAL/SEGflETARIAL 

$77,900 

$22,628 

$26268 

$19,275 

$9,738 

TOTAL DIRECT LABOR 

$3,518,579 

$1,285,655 

$1,349,697 

$758,237 

$124,990 

2. LABOR OVERHEAD 






BUILDING AND UTIUTIES 

$580,223 

$234,805 

$227,496 

$104,264 

$13,658 

ORGANIZATIONAL OVERHEAD 

$1,887,045 

$735,545 

$735,329 

$349,958 

$66,213 

TOTAL LABOR OVERHEAD 

$2,467,268 

$970,350 

$962,825 

$454,222 

$79,871 

3. TRAVEL 






TRANSPORTATION 

$10,574 

$0 

$5,183 

$5,391 

$0 

SUBSISTENCE 

$2,715 

$0 

$l»331 

$1,384 

$0 

TOTAL TRAVEL 

S13.28&' 

$6 

$6,514 

$6,775 

$0 







NON LABOR DIRECT COSTS 

$2,395,010 

$1,175,030 

$1,146,495 

$73,321 

$164 



$8,394,146 


$3,465,531 

$1,292,555 

$205,025 

6. OTHER INDIRECT COSTS 

CAS 414) 

$67,578 

$27,365 

$26,161 

$11,884 

$2,168 

TOTAL OTHER INDtR COST 

$67,578 


$26,161 

$11,8B4 

$2,168 

7. DIRECT MATERIALS 

MISCELLANEOUS MATERIALS 

$448,409 

$253,942 

$186,270 

$7,204 

$993 

SU8CONT./CONSULTING & OHC 

$41,600 

$17,600 

$16,500 

$7,500 

$0 

TOTAL DIRECT MATERIALS 

$490,009 

$271542 

$202,770 


$993 


$3,777,367 

$1,543,965 

$1,550,490 

$581,651 

$92,261 


$12,729,100 

$5,273,907 

$5,253,952 

$1,900,754” 

$300,447 

IQ. FEE 


$524,655 

$522,780 

$186,892 

$29,828 


$13,995,255 

$5,798,562 

$5,776,732 

$2,069,686 

$330,275 

)86S89EZ0? 

i i i 

1 f 

1 1 

i i f 

f 
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COST SUMMARY 
CHRONIC YEARS 
20943 




jpm 

CHRONIC YEAR1 

CHRONIC YEAR 2 

CHRONIC YEAR 3 

CHRONIC YEAR4 

1. piREpTLABQR 

RESEARCH SCtENTfSTS/ENGINEERS 

$1,447,483 

$497,079 

$506,824 

$347,743 

$93,837 

TECHNICAL SPECIALIST 

$1,273,495 

$454,717 

$475,924 

$331,331 

$11,523 

ADMINISTRATIVE PROF. 

$36,712 

$9,275 

$10,687 

$11,728 

$5,022 

TECHNICIANS 

$641,911 

$287,054 

$306,827 

$41,213 

$4,817 

CRAFTS 

$41,069 

$14,902 

$19,167 

$6,947 

$53 

CLERK^SECRETARiAL 

$77,909 

$22,628 

$26,268 

$19,275 

$9,738 

TOTAL DIRECT LABOR 

$3,518,579 

$1,285,655 

$1,349,687 

$758,237 

$124,990 

2. LABpR OVERHEAD 

BUILDING AND UTILITIES 

$580,223 

$234,805 

$227,496 

$104,264 

$13,658 

ORGANIZATIONAL OVERHEAD 

$1,887,045 

$735,545 

$735,329 

$349,958 

$66,213 

TOTAL LABOR OVERHEAD 

$2,467,268 

$970,350 

$962,825 

$454,222 

$79,871 

a. TRAVEL 

TRANSPORTATION 

$10,574 

$0 

$5,183 

$5,391 

$0 

SUBSISTENCE 

$2,715 

$0 

$1,331 

$1,384 

$0 

TOTAL TRAVEL 

$13,289 

$0 

$6,514 

$6,775 

" $r 

4. OTHER DIRECT COSTS 

NON LABOR DIRECT COSTS 

$2,395,010 

$1,175,030 

$1,146,495 

$73,321 

$164 

5. VALUE ADDED 

$8,394,149 

$3,431,035 

$3,465,531 

$1,292,555 

$205,025 


6. OTHERINOIRECTCOSTS 


GAS 414) 

$67,578 

$27,365 

$26,161 

$11,884 

$2,168 

TOTAL OTHER INOtR COST 

$67,578 

-$27,365 

$26,161 

THS84 

$2,1®} 


7. DIRECT MATERIALS 


MISCELLANEOUS MATERIALS 

$448,409 

$253,942 

$186,270 

$7,204 

$993 

SUBCOfny CONSULTING 8 OHC 

$41,600 

$17,600 

$16,500 

$7,500 

$0 

TOTAL DIRECT MATERIALS 

$490,009 

$271,542 

$202,770 


$S83 


$3,777,367 

$1,543,965 

$1,559,490 

$581,651 

$92^61 

9. SUBTOTAL 

$12,729,100 

$5375,907 

$5,253,952 

$1,9O07?4 

$300,447 

10 FEE 

$1,266,155 

$524,655 

$522,700 

$188,892 

$29,828 


$13,995,255 

$5,798,562 

$5,776,732 

$2,089,686 

$330,275 

886S89EZ0Z 

i i i 

t 

! 1 

1 1 ( 

[ 
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COST SUMMARY 
OPTIONS 

2044 } 


1. DfREpr LABOR 

SUBCHRONIC 

Pr«SP/SSLA$S*Y3 

BIG BLUE MOUSE 


MICRONUCLEUS ASSAY 

E£NA 

RESEARCH SCIENTISTS/ENGINEERS 

$267,628 

$24,648 

$13,376 • 

$45,012 

$15,824 

$10,362 

TECHNICAL SPECIALIST 

$148,321 

$22,816 

$12578 

$25,203 

$10,664 

$9,145 

ADMINISTRATIVE PROF. 

$7,708 

$0 

$0 

$0 

$0 

$0 

TECHNICIANS 

$101,161 

$0 

$4,168 

$0 

$2,194 

$3,093 

CRAFTS 

$5,463 

$0 

$0 

$0 

$0 

$0 

CLERICAL/SEGRETAWAL 

$21,548 

$0 

$0 

$0 

$0 

$0 

TOTAL DIRECT LABOR 

$551,629 

$47,466' 

— $30,122 

$70,215 

$28,682 

$22,600 


2. LABOR OVERHEAD 


BUILDING AND UTILITIES 

$106,012 

$7,671 

$6,079 

$12,157 

$5,355 

$3,785 

ORGANIZATIONAL OVERHEAD 

$312,749 

$24,932 

$22,829 

$38,947 

$16560 

$11,118 

TOTAL LABOR OVERHEAD 

$418,761 

$32,603 

$28,908 

$51,104 

62177T5 

$14,903 


3. TRAVEL 

TRANSPORTATION 

SUBSISTENCE 

$4,710 

$1,209 

$0 

$0 

$0 

$0 

SO 

$0 

$0 

$0 

$0 

$0 

~ TOTAL TRAVEL 

$5,919 

$P 

$0 

$0 

$0 

$0 

4. OTHER DIRECT COSTS 

NON LABOR OIRECT COSTS 

$304,160 

$4,088 

$4,183 

$24,640 

$1,689 

$264 

5. VALUE ADDED 

$1580,669 

$84,157 

$63,215 

$145,959 

$52,086 

$37,767 

6. OTHER INDIRECT COSTS 

CAS 414 

$12,594 

$754 

$395 

$1,279 

$396 

$455 

TOTAL OTHER INCUR COST 

$12,594 

$754 

$395 

$1,279 

~$59S 

$455 

7. DIRECT MATERIALS 

MISCELLANEOUS MATERIALS 

$80,856 

$38,650 

$44,874 

$32,869 

$4,401 

$2,826 

SUBCONT./CONSULTING & OHC 

$11,200 

$0 

$0 

$Q 

$0 

$0 

TOTAL OIRECT MATERIALS 

$92,056 

- $38,650 

$44,874 

$32,869' 

M.401 

$2,626 

8. GENERAL & ADMIN. EXPENSE 

$576,301 

$37,871 

$28,447 

$65,682 

$23,439 

$16,995 

9. SUBTOTAL 

$1961,620 

$161,4®" 

$136,931 

$245,789 

$80524“ 

$58,043 

10. ME 

$194,904 

$16,068 

$13,654 

$24,451 

$7,993 

$5,759 

I66S89TZ0Z 

11. TOTAL COST 

$2,156,524 

$177,500 

$150,585 

$270,240 

$88,517 

$63,802 
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PROVISIONS FOR CONTRAC TS UTILIZING GOVERNMENT-OWNED 
FACILITIES AND EQUIPMENT'. OR CERTAIN UNREPORTED ' 

U. S. DEPARTMENT OF ENERGY INFORMATION 1 


It iis planned that the work,, or a portion thereof, to be 
performed hereunder will be performed at the Pacific Northwest 
Laboratory (hereinafter called the Laboratory):, owned by the 
U. S. Department of Energy (hereinafter called DOE); operated for 
DOE by BATTELLE under Operating Contract DE-ACQ 6—76RLO 1830 
(hereinafter called Operating Contract), and used by BATTELLE for 
its own account under and subject to the Use Permit Contract DE- 
AC06—76RLO 18311 (hereinafter called Use Permit). Therefore, 
performance of the work hereunder shall be contingent upon the 
continuing availability to BATTELLE of the Government facilities 
and property, and the 1 personnel necessary to conduct the work.. 
Neither BATTELLE, nor the: Government, nor DOE, nor their 
officers, employees., or authorized representatives shall be 
liable for any loss, sustained by the SPONSOR, or others, where 
such loss is directly or indirectly attributable to the lawful 
exercise of the Government's right of control over health and 
safety at the Laboratory, or to* suspension or cessation of 
activities under this agreement at the request of the Government 
pursuant to the Use Permit. The following applicable provisions 
of the Use Permit must be incorporated into any contract 
resulting from this proposal. 

"'8. PATENTS 

A. (1) With respect to any invention or discovery 
conceived or first actually reduced to practice after 
September 3Q> 1979, by BATTELLE or its employees or 
consultants or by the employees or consultants of organi¬ 
zations sponsoring work at BATTELLE in the course of or 
under any agreement or activity undertaken pursuant to this 
Use Permit in which scientific or technical information and 
dlata developed by BATTELLE: in the performance of work for 
DOE under the Operating Contract, but not reported to DOE on 
an unrestricted basis, (hereinafter referred to as "DOE 
Information and Data'"), were specifically necessary for the 
conception or first actual reduction to practice of any 
invention or discovery, the Government, as represented by 
DOE, reserves a nonexclusive,, irrevocable, royalty-free 
license for U. S. governmental purposes' in any such 
invention or discovery and any patent application or patent 
that may result; provided, however, that nothing herein 
shall be deemed to modify or alter DQE's rights with respect 
to any invention or discovery made or conceived in the 
course of or under the Operating Contract. For purposes of 
this Article, scientific or technical information and data 
which are obtained by BATTELLE other than through its 
performance of the Operating Contract, or which are 
published, shall not be deemed to be "DOE Information and 
Data." To the extent necessary to enable DOE to determine 
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the Government’s rights under this Article, BATTELLE shall 
afford' DOE the right to inspect the original records of 
inventions conceived or first actually reduced to practice 
after September 30, 1979', in the course of or under any 
arrangement or activity undertaken pursuant to this Use 
Permit? provided that no original records pertaining to work 
sponsored by third parties (other than BATTELLE affiliates 
or subsidiaries) shall be made available without the 
SPONSOR'S consent which will not be unreasonably withheld, 
but if withheld then arrangements shall be made between 
counsel for BATTELLE and DOE: for a review, at BATTELLE 
facilities, of the original record of any such invention and 
directly related information, with, such records treated as 
proprietary data in accordance with the provisions of 
Article 10 for purposes of this review. 

(2) BATTELLE shall report any invention' or discovery 
covered by A (1) above within six months, after conception or 
first actual reduction to practice and will advise DOE, 
within' six months of such reporting, as to whether BATTELLE 
or the sponsor intends to file a United' states patent 
application with respect to such invention or discovery; 
provided, however, if BATTELLE or the SPONSOR advises that 
neither desires to file, DOE may file any patent applica¬ 
tion, domestic or foreign, as it determines appropriate. If 
BATTELLE or the SPONSOR dbes not file a patent application 
within one year of reporting such invention' or discovery, 
DOE, if it desires to file any patent application, will so 
notify BATTELLE and if BATTELLE or the SPONSOR does not file 
a patent application within 60 days after date of such' 
notification, DOE may file any patent application, domestic 
or foreign, as it determines appropriate:. If DOE files a 
patent application, all right, title and interest in and to 
such invention or discovery shall be assigned to DOE:, 
subject to retention by BATTELLE or the SPONSOR, as the case 
may be, of at least a nonexclusive, irrevocable, royalty- 
free license for its own' uses. With respect tc any such 
filing, BATTELLE agrees that it will execute all documents 
and do all things necessary and proper to assist DOE and 
will use its best efforts to secure from its employees, the 
SPONSOR, and the inventor or inventors tike execution of all 
documents and to have them do all things necessary and 
proper to assist DOE. 

B. No claim' for pecuniary award or compensation' under the 
provisions of the Atomic Energy Act of 1954, as amended, 
shall be asserted by BATTELLE or its employees and 
consultants, and employees and consultants of the SPONSOR 
with respect to any invention or discovery based on said' 
"DOE Information and Data" to the: extent described in A (1) 
above in the course of or under any arrangement or activity 
undertaken pursuant to this Use Permit. 
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C. Except as otherwise authorized in writing by DOE:, 
BATTELLE will obtain patent agreements to effectuate the 
provisions of paragraphs A and B of this. Article from ail 
BATTELLE employees or consultants', or employees or consul¬ 
tants of SPONSORS who perform any part of the work under 
this Use Permit while assigned to work at the Government- 
owned facilities, or while utilizing the Government-owned' 
property or "DOE: Information and Data," 1 except nontechnical 
personnel, such as clerical employees and manual laborers. 

9. ACCESS AND TECHNICAL DATA 

A. To the extent necessary to fulfill the responsibilities 
of DOE under any law or regulation, or for the purposes of 
determining compliance with the terms of this Use Permit, 
DOE, at all reasonable times, subject to Article 10,. shall 
have access, to all or any part of the Government-owned 
facilities and shall have the right to inspect all' 
activities conducted therein; provided, however, DOE's right 
to inspect shall not include the right to obtain technical 
data except as hereinafter provided. 

B. . The Government shall have the right to use for 
Governmental purposes any information or knowledge: contained 
in any drawings, sketches, designs, data, specifications, 
technical and scientific data, photographs, negatives, 
reports, findings, recommendations, and memoranda of every 
description (all of which are hereinafter included in the 
term "technical data") made in the course of or under any 
arrangement or activity undertaken hereunder which 
specifically results from the use of said "DOE Information 
and Data." 

C. BATTELLE shall furnish to DOE, without charge, one copy 
of any technical data as to which the Government has rights 
under B above. To the extent necessary to enable DOE to. 
determine the Government"s rights under this Article,, DOE 
shall have the right to. inspect the technical data 
specifically resulting from the use of said "DOE Information 
and Data" which is made in the course of or under any 
arrangement or activity undertaken hereunder, provided that 
no proprietary information of a SPONSOR (other than. BATTELLE 
subsidiaries, and affiliates) shall be made available without 
the SPONSOR’S consent, which will not be unreasonably 
withheld. 

D. When furnishing any technical data referred to in 
Paragraph G above, BATTELLE. or the SPONSOR:, as the case may 
be, will make reasonable efforts to identify any invention 
made by BATTELLE or the SPONSOR if not previously reported. 
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10. PROPRIETARY INFORMATION 


Except: for the rights to use provided in Article 8 A and 
Article 9 B, DOE shall exert its best efforts to (1) protect 
information obtained pursuant to this Use Permit as 
proprietary and not use such information in any way which 
will violate its proprietary nature; (2) communicate, 
disclose or publish any part of such information within the 
Government only to the extent such communication, disclosure 
or publication is required in the administration of this Use 
Permit; (3) insure against communication, disclosure or 
publication outside the Government of any part of such 
information, without the written consent of BATTELLE, except 
to the extent such information is (a) generally known or 
available from other sources without obligation' concerning 
its. confidentiality, (b) available to others without 
obligation, concerning its confidentiality, or (c) available 
to the Government without obligation concerning its 
confidentiality; provided nothing herein shall be deemed to 
limit or restrict the right of DOE to communicate, 
duplicate, use or disclose such information as required to 
fulfill the responsibilities of DOE: pursuant to any law 
including applicable Executive Orders and Federal 
Regulations." 

SOLE ACCOUNT OF BATTET.T.E . This agreement is not entered into by 

BATTELLE for the account of the Government or DOE but is for the' 

sole account of BATTELLE. 



Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 


S66S89£eo? 



















Source: https://www.industrydocuments.ucsf.edu/docs/xslmOOOO 






















